Iowa State Journal of Research 47.1 by unknown
IOWA STATE JOURNAL OF RESEARCH 
Contents, Volume 47 
No. 1 , August 1972 
BROOKS, TERRY. Robert Earle Buchanan   1 
LOWE, R. L. Diatom population dynamics in a central Iowa 
drainage ditch 7 
GOLIGHTLY, M. B. and A. F. CARLIN. Relation of precooking 
method and length of storage at 0° F to qual ity of turkey 
roasts   61 
POHL, R. W. New taxa of Hierochloe, Pariana, and Triplasis
from Costa Rica   71 
Index to Masters' Theses, 1971 to 1972   79 
Index to Doctoral Dissertations, 1971 to 1972   y3 
No. 2, November 1972 
KNIGHT, H. H, and J. C. SCHAFFNER. New species of Lopidea  Uhler 
from Mexico and the western United States (Hemiptera, Miridae). . 107 
SLAVIK, M. F. and W. P. SWITZER. Development of a microtitra-
tion complement-fixation test for diagnosis of mycoplasmal 
swine pneumonia   1 17 
CRISWELL, J. G. and R. M. SHIBLES. Influence of environment 
and leaf excision on gas exchange of oat leaves   129 
RUSSELL, W. A. Effects of exotic cytoplasms on agronomic charac-
ters of two maize inbred l ines   141 
SEITZ, W. K. and R. Q. LANDERS. Control led burning in relation-
ship to bobwhite quai l populations on a southern Iowa publ ic 
hunting area   149 
No. 3, February 1973 
MATHWIG, H. J. Food and population characteristics of Iowa 
coyotes   167 
SHAW, R. H, and P. J. WAITE. Dry and wet, July-August rainfal l 
areas in Iowa   191 
ZAGATA, M. D, and A. 0. HAUGEN. Pi lot Knob State Park: A 
winter deer haven  199 
No. 4, May 1973 
SHAW, R. H. Dew duration in central Iowa  219 
TANUDIMADJA, K. and N. G. GHOSHAL. The lymph nodes and lymph 
vessels of the thoracic wal l of the goat (Capra hircus)  229 
MENZEL, B. W. and M. S. BOYCE. First record of the pearl dace, 
Semoti lus margarita (Cope), from Iowa  245 
ROBINSON, W. H., 0. E. TAUBER, and R. E. LEWIS. Jean Luther 
Laffoon, 1922-1973  249 
NELSON, R. S. Measure for Measure as satiric comedy  253 
IOWA STATE JOURNAL OF RESEARCH 
vol. 47, No. 4 
STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 
(Act of October 23, 1962; Section 4368, Title 39, United States Code) 
Date of Fi l ing: September, 1972 
Title of Publ ication: Iowa State Journal of Research 
Frequency of Issue: Quarterly 
Location of Known Office of Publ ication: Press Building, Ames, Story 
County, Iowa 50010 
Location of Headquarters or General Business Offices of the Publ ishers: 
Press Bui lding, Ames, Story County, Iowa 50010 
Publ isher: Iowa State University Press, Merritt Bai ley, Business 
Manager, Press Bui lding, Ames, Story County, Iowa 50010 
Editor: El l is A. Hicks, 201 Beardshear Hal l, Iowa State University, 
Ames, Story County, Iowa 50010 
Owner: Iowa State University Press, Ames, Story County, Iowa 50010 
Known Bondholders, Mortgagees, and Other Security Holders Owning 
or Holding One Percent or More of Total Amount of Bonds, 
Mortgages, or Other Securities: None 
certify that the statements made above by me are correct and complete. 
Merritt Bai ley 
Business Manager 
ERRATUM 
The fol lowing corrections are hereby made in the paper by J. G. Cris-
wel l and R. M. Shibles (1972), "Influence of sink-source on flag-leaf net 
photosynthesis in oats," Iowa State Journal of Science, 46: 405-415. 
The first symbol in the legend of Figure 1 should be a sol id circle 
instead of an open circle. The figure legend should read as fol lows: 
Figure 1. Net photosynthetic rates of oat flag leaves of varieties 
Burnett (A and B, top) and Richland (C and D, bottom), plotted 
as a function of time. Each point represents an individual meas-
urement on four flag-leaf midportions. Days 1 and 32 correspond 
to June 11 and July 12, 1969; the black bar indicates the dates 
treatments 2, 3 and 4 were appl ied. •, x, o, ~, and ~ indicate 
control and treatments 2-5 respectively. 
Robert Earle Buchanan, Professor and Dean Emeritus, Iowa State 
University. His editorship and other assistance are insepara-
ble from the success of the Iowa State Journal of Science. In 
acknowledgement of his service, the first issue of the Iowa 
State Journal of Research is dedicated to Dr. Buchanan. 
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ROBERT EARLE BUCHANAN 
To be popular at home is a great achievement, 
The man who is loved by the house cat, by the dog, 
by the neighbor's children, and by his own wife, 
is a great man, even if he has never had his name 
in Who's Who. 
Terry Brooksl
Thomas Drier 
Robert Earie Buchanan is a great man according to Thomas Drier's 
standards, An examination of Buchanan's achievements and a knowledge of 
certain aspects of his l ife may give the reader clues from which to draw 
his own conclusions about the motivating force which caused Buchanan to 
transcend the common greatness of Drier. 
Dr, Buchanan is now retiring as the editor of the Iowa State Journal 
of Science, after serving as its editor since the beginning of the Journal. 
in 1926. (The Journal has now become the Iowa State Journal of Research.)
He has been both an educator and scientist of international reputation and 
service. He has been to India under the International Cooperative Author-
ity of the United States Department of State to make recommendations on 
developing agricultural colleges, The United States Government has sent 
him to Egypt, Saudi Arabia, Lebanon, Syria, and Iraq to plan the organiza-
tion and development of agricultural administration, research, and educa-
tion. He was sent by the Ford Foundation to Latin America to study the 
United States assistance program in higher education, and he has been on 
the Board of Governors of the Inter-American Institute of Agricultural 
Sciences of the Organization of American States, R. E. Buchanan is an in-
ternational educator and administrator, but he is first and foremost a 
bacteriologist, 
The branch of bacteriology which is concerned with the orderly des-
cription of the species and of other taxa of bacteria and with the appl i-
cation of the correct names for the bacteria is known as bacterial taxono-
my, Bacterial nomenclature is concerned with the methods and correctness 
of naming bacteria. Classification of bacteria must be an integration of 
taxonomy and nomenclature if a useful system is to be developed, In the 
early 1900's the major works on the naming and classification of bacteria 
were by European scientists who were trained as botanists and were inter-
ested mainly in developing an evolutionary scheme of the bacteria. Bota-
nists logically approached classification of bacteria from this standpoint, 
since the higher plants were classified in this manner. 
By 1915 bacteriologists were so engrossed in the evolutionary schemes 
and in finding the interrelationships of bacteria that they had quite for-
gotten, or ignored, nomenclature. Several multi l ingual word stems as well 
as names of scientists were appearing in print as names for bacteria, 
For a new bacteriologist and former botanist, ornithologist, and ento-
mologist l ike Buchanan, this situation was frustrating and approached the 
intolerable. Dr. Buchanan was quite used to the wel l -ordered biological 
1 Department of Bacteriology, Iowa State University, Ames, Iowa, 
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systems of classification and nomenclature, 
He decided in 1916 that it was time for action and publ ished a paper 
entitled "Studies in the Nomenclature and Classification of Bacteria: 
The Problem of Bacterial Nomenclature." The paper appeared in the newly 
formed Journal of Bacteriology:
".... To state that the classification of bacteria is in a cha-
otic condition is to express a truism, That this is due to 
the inherent difficulties in determining bacterial relation-
ships, and to the utter disregard of all rules of nomenclature 
is l ikewise generally accepted. Is there any need of action?..,"2
He then went on to say that some scientists claim bacteria are l ike plants, 
some claim bacteria are l ike animals, yet none feel they must follow the 
rules of either science in naming the bacteria. He also said that the bo-
tanical and zoological codes were very similar and that it would be most 
logical to develop a system of bacterial nomenclature based on these codes. 
The common use of shape, size, color, and appendages as characteristics 
for classification, and the use of Latin and Greek for name stems could 
be appl ied to bacteria as they had been to higher plants and animals. 
That first article was sent to the Journal of Bacteriology in April , 
1916. By October of that year Buchanan compi led and had ready for publ i-
cation a series of nine more articles on the nomenclature and classifica-
tion of bacteria, In writing these articles he searched all of the l itera-
ture publ ished on nomenclature of bacteria, analyzed it, discarded what he 
considered to be inval id, and created a complete system of bacterial nomen-
clature and taxonomy, 
Dr, Buchanan stated in the first articles submitted on bacterial no-
menclature: 
".,,. A careful search of our l iterature fails to show that any 
group of bacteriologists has thus f~r formally agreed upon any 
code or system of nomenclature,.,." 
Several years later bacteriologists convened on an international scale 
to discuss their profession and science. In 1930 Dr. Buchanan presided 
over the Bacteriology Section of the Fifth International Botanical Congress 
in Cambridge, England, and attended the first International Congress of mi-
crobiology in Paris. He had written extensively about the need for stabi-
l izing bacteriological nomenclature, and in Paris was one of two men cho-
sen to organize a committee for that purpose. He has served in that body 
ever since, He was vice president of the 1939 Congress of Microbiology in 
New York, at which meeting a judicial commission was formed to handle the 
work of the International Committee on Bacteriological Nomenclature between 
Congresses. Dr. Buchanan was named chairman. One of the charges to the 
Commission was to develop and publ ish a tentative Code of Bacteriological 
Nomenclature. The draft code, prepared mainly by Buchanan and reviewed and 
accepted at the 1947 Congress in Copenhagen, was published in 1948. Since 
that time the code has been amended and publ ished in Engl ish, French, Ger-
men, and Japananese. 
2Buchanan, R. E. 1916. Studies in the Nomenclature and Classification of 
Bacteria: the Problem of Bacterial Nomenclature. Jour. Bact. 2:591-596. 
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Bergey's Manual of Determinative Bacteriology is the international 
source book of bacteria, It began with David H, Bergey in 1923 who pro-
posed a classification similar in some ways to that proposed by Buchanan. 
By the third edition4 in 1930 the editors of Bergey's Manual had virtually 
adopted Buchanan's system of classification, Buchanan became the editor 
of Bergey's Manual in 1956, and still serves as such today at the age of 
89 
The early l ife of R, E, Buchanan makes an interesting and dynamic sto-
ry. His paternal great grandfather and other members of the family came 
from Scotland in the early 1800's to settle in Ohio, He wanted more room, 
so he went by way of river boat to Muscatine, Iowa, and then across to Ce-
dar Rapids, Iowa, where he settled and bought land. The family grew there 
and the farm land was eventually divided by Buchanan's grandfather among 
his sons, Buchanan's father, after graduating from George Washington High 
School in Cedar Rapids, Iowa, wanted to be a clerk in a bank, so he went 
to Austin, Minnesota, where relatives l ived. There he met Josephine Hal l , 
who became his wife, Her family was related to the Chase-Manhattan Bank 
group, They had l ived in Wisconsin, where she was born, and moved to Min-
neapol is and later to Austin, Minnesota, Shortly after they were married, 
Buchanan's father inherited some money and decided to move back to Cedar 
Rapids where he set up a farm implement store next to a cracker factory on 
the east bank of the Cedar River, There, in 1883, Robert Earle Buchanan 
was born, Much of his early l ife was l ived in the outdoors, mostly on his 
grandfather's farm near the Cedar River, There he would hunt for arrow 
heads on an old Indian mound or walk through the fields and marvel at the 
different flowers and animals, 
During his ninth year, Buchanan attended school in Dodge Center, Min-
nesota. He had a succession of four teachers that year, one of whom, a 
graduate student at the University of Minnesota, was studying biology, 
The subject seemed to come al ive for young Buchanan, and when he asked his 
teacher for some books he was loaned a stack of graduate-level books about 
birds, animals, and plants. His interest in nature was sharpened by the 
books, and he cut through the barrier between amazement and understanding, 
The Latin names were of particular interest to him because they seemed so 
logical and descriptive, The high school courses in botany and biology 
became clearer and more meaningful for him after he took the Latin course 
in college taught by the footbal l coach, 
Dr. Louis H, Pammel , noted botanist, was Buchanan's major professor 
at Iowa State College (now Iowa State University). Buchanan received his 
Bachelor of Science degree from Iowa State Col lege in 1904, Dr, Pammel 
took a special interest in Buchanan and did everything he could to encour-
age the young student. Buchanan stayed on to take a master of science de-
gree in bacteriology at Iowa State in 1906. His doctorate was received 
from the University of Chicago in 1908 and he returned to Iowa State to 
join the teaching staff. That year he also married Estelle Fogel, who had 
graduated from Parsons Col lege and had come to Iowa State to take a mas-
ter's degree in botany. She joined the teaching staff and in 1813 they 
publ ished a collaborative textbook entitled Bacteriology, In 1910 Buchanan 
was asked by the president of the College to organize a Department of Bac-
teriology. In 1914 Buchanan and Pammel fought for the establ ishment of a 
Divison of Industrial Sciences at the College in order to keep the sciences 
together in one department, Buchanan became the first dean of the Divi-
4David H. Bergey (ed.), 1930, Bergey's Manual of Determinative Bacteri-
ology, Third edition, Will iam and Wilkins, Baltimore, pp. 1-23. 
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Sion. In 1918 he became the youngest president of the Society of American 
Bacteriologists (now the American Society for Microbiology). In 1919 he 
became the first dean of the graduate college at Iowa State. It has been 
jokingly said that Buchanan has held every administrative position at Iowa 
State except that of the President. 
Several years ago Dr. Buchanan said of his retirement role: 
".... When a person reaches retirement age while still deeply 
engaged in something,..) think it is a sin and a shame most 
universities wi l l not permit him to continue as long as he 
wants to and is able...."5
Today, he still maintains regular office hours during which he answers the 
many letters from scientists and educators at various places on the globe, 
and works on the preparation of the manuscripts for the eighth edition of 
Bergey's Manual.
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DIATOM POPULATION DYNAMICS IN A CENTRAL IOWA DRAINAGE DITCH 
Rex Loren Lowe
l ,2
Department of Botany and Plant Pathology 
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. Fifty-two consecutive weekly diatom samples were col lected in 
three central Iowa drainage ditches from artificial substrates, Several 
chemical and physical environmental factors were measured simultaneously. 
The water at the three col lecting stations differed mainly in the amount 
of organic enrichment present, Macronutrients did not appear to be l i-
miting at any time during this study, However, distinct population dif-
ferences between the stations appear to reflect the degree of organic 
pollution. 
Five-hundred valves were identified systematically and counted from 
each of the weekly samples, and a total of 67,000 were counted over the 
course of the study. One-hundred and seventy-five species and varieties 
distributed among 28 genera were observed from the ditches; at least 28 
of these species and varieties were unreported previously from Iowa, 
The density of diatoms was greatest in spring and summe~ at al l 
three stations and the greatest number observed was 4.2 x 10 cel ls/cm2
on July 25, 1969. Diatom densities became quite low during the late fall 
and winter, 
Gomphonema angustatum appeared in the largest numbers of any diatom 
and reached a maximum of 2,2 x 106 cel ls/cm2, At one point it comprised 
91% of the population. 
INTRODUCTION 
During the past ten years the diatom flora of Iowa has been investi-
gated intensively, with primary support from the Federal Water Pol lution 
Control Administration under a grant entitled "Ecology of Diatoms in Hard-
water Habitats." Stoermer (1963) investigated the diatom flora of Lake 
West Okoboji. Drum's dissertation (1964) dealt with the ecology of dia-
toms in the whole of the Des Moines River, whi le Gudmundson (1968) inves-
tigated those diatoms found in that portion of this river to be impounded 
in the Saylorvil le Reservoir. Fossi l diatoms from two different habitats 
were investigated by Col l ins (1968). The diatoms of Iowa farm ponds were 
investigated by Ohl (1965), and Shobe (1967) studied the diatom communi-
ties of the Skunk River. The l ist of habitats investigated in Iowa in-
cludes a large lake, two major rivers, farm ponds, a fen (Shobe, Stoermer, 
1 Present Address: Biology Department, Bowl ing Green State University, 
Bowl ing Green, Ohio 43403. 
2Support for this research was from FWPCA Grant #WP00221 (to Dr. John D, 
Dodd, Department of Botany and Plant Pathology, Iowa State University, 
Ames, Iowa 50010) and from a fel lowship authorized by the National De-
fense Education Act. 
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and Dodd, 1963), a subaerial habitat (Dodd and Stoermer, 1962) and a smal l 
creek (Fee, 1967). One major aquatic habitat previously uninvestigated in 
Iowa is the drainage ditch. 
The drainage ditch represents a new aquatic environment in central 
Iowa, about which l ittle of an ecological nature is known. Story County 
alone has over 105 kilometers of open drainage ditches (personal communi-
cation from Russel Krieg, Story County Engineer). 
Although the diatom flora of drainage ditches in agricultural land 
has not been intensively studied previously, this habitat has some proper-
ties in common with habitats of other floristic-ecological studies, par-
ticularly small calcareous streams and hardwater springs. 
Whitford (1956) found current to be important in constantly renewing 
minerals and gases to the algae of the hard, fresh-water Florida springs. 
The most important community was a lotic Aufwuchs community in which five 
species of diatoms were dominant. These were Cocconeis placentula, Syne-
dra ulna, Achnanthes lanceolata, Gomphonema longiceps and G, sphaeropho-
rum.
McIntire (1966) studied the effects of current velocity on laboratory 
streams by diverting the water of a smal l stream. He found Achnanthes 
lanceolata to be among the early colonizers of such laboratory streams and 
discusses those species which were tolerant of current. 
Foged (1947a, 1947b, 1948a, and 1948b) has intensively studied the 
ecology of diatoms in a series of small Danish streams. One of the 
streams, the Lindved Brook, has been straightened in some areas where it 
takes on the appearance of a drainage ditch. Items from his vast accumu-
lation of ecological data are cited in several areas in the ecological 
section of this paper. 
Butcher performed several classical investigations on the ecology of 
river algae and many of his observations on diatoms are pertinent to this 
study. In his report on the growth and distribution of sessile algae 
(1940), he discussed the ecology of Achnanthes minutissima and Cocconeis 
placentula. In his later investigation (1947) on the ecology of algae in 
organically enriched waters, Gomphonema parvulum and Nitzschia pal ea were 
found to be the most important diatoms in the polysaprobic zone. 
Blum (1954) found Diatoms vulgate and Gomphonema ol ivaceum to be the 
two most important diatoms in the winter diatom communities that he in-
vestigated in Michigan streams. 
In the following study I have attempted to measure some of the phy-
sical and chemical factors of the environment, define the diatom flora of 
the drainage ditch, and describe the relationship between the two. The 
information is available also in a more expanded format (Lowe, 1970). 
MATERIALS AND METHODS 
Description of Study Area 
The three drainage ditches involved in this study are part of a sys-
tem of drainage ditches in northeast Story County, Iowa, R-22W, T-85N, 
section 27. The eastern most ditch, which wil l be called ditch 1, drains 
lands to the northeast of the ditch by means of underground tiles. These 
tiles drain into a main the which emerges from the ground to form the 
open ditch. The land drained by this the is entirely agricultural with 
no large feed lots. An old lakebed approximately 500 meters long is 
drained by this system. This lakebed is now in agricultural production 
but standing water may be observed there after extremely heavy rains. Ap-
proximately 300 meters to the west of where ditch 1 begins, a second the 
emerges from the ground to form another drainage ditch that will be called 
ditch 2. This ditch drains the land directly to the north, which is 
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largely agricultural. The small town of McCallsburg l ies approximately 
two miles north of ditch 2. Several residents in this area have private 
t he l ines running into the main the that carry the overflow effluents 
from their septic tanks. One private the l ine that seems to be a par-
ticularly large contributor is the school house in McCal lsburg. The wa-
ter entering ditch 2 is dissimilar to that in ditch 1 because of the addi-
tion of the organic load from these private tiles. This is particularly 
true when school is in session. Ditches 1 and 2 flow together at a point 
about 500 meters from their sources. The combination of these two ditches, 
which eventually flows into East Indian Creek, is designated as ditch 3. 
In the spring of lg6g, three col lecting stations were establ ished. Sta-
tion 3 is about 50 meters from the confluence of ditches 1 and 2. The 
ditches at these stations are approximately a meter in breadth with an 
average water depth of from 10 to 25 cm. The bottoms of the three sta-
tions are similarly gravelly with an overlayer of si lt the density of 
which varies with stream flow. At each sampl ing station one end of an L-
shaped iron, concrete reinforcement rod, about 2 cm in diameter, was dri-
ven one or two meters into the soi l next to the ditch. The other part of 
the L section was positioned horizontal ly about 15 cm over the surface of 
the water and spanning the breadth of the ditch. Various sampl ing devices 
were attached to these rods. 
Field Sampl ing Procedures 
In 1867 and 1868 many diatom samples were collected from al l three 
ditches. Four sampl ing methods were employed during this initial sam-
pl ing period. 
1. Diatoms were pipetted from benthic areas. 
2. Rocks and other submerged objects were scraped. 
3. Fi lamentous algae were squeezed in order to col lect epiphytic dia-
toms. 
4, Glass microscope sl ides were placed in plexiglass sl ide holders 
which rested on the ditch bottom. The sl ides were stripped peri-
odical ly of the diatoms growing on them. 
All of these samples were investigated qual itatively to determine what 
species were present and in which habitats they occurred. 
Starting in the spring of lg6g I col lected diatoms at al l three sta-
tions by means of a Catherwood diatometer. This device, first described 
by Patrick et al. (1954), was used to standardize collection methods a-
mong stations. Glass microscope sl ides placed in the diatometer served 
as a substrate for diatom attachment and growth. Each sl ide was exposed 
in the diatometer for two weeks, the exposure period recommended by Pat-
rick et al. Weekly samples were col lected in this manner from May 9, 
lg6g through October 31, 1969. During this period three sample sl ides 
were lost during high-water periods in early June. During the week of Oc-
tober 31 the diatometers at stations 2 and 3 were destroyed by gun blasts, 
after which a new sampl ing method was initiated using Styrofoam as a sub-
strate for diatom growth. Hohn and Hel lerman (1963) found that styrofoam 
would support as well as glass a flora representative of the stream, and 
in water 3°C or cooler the sample from a styrofoam substrate was more rep-
resentative. The styrofaom sampler used in this study was a sphere 2.5 
cm in diameter through which a smal l hole had been bored. One end of a 
segment of nylon, monofilament, fishing l ine about 1 meter in length was 
passed through the hole and tied around the sphere. The other end of the 
l ine was tied to the iron stake at each station. A lead fishing sinker 
was placed strategical ly on the l ine so that the styrofoam sphere was sub-
1p REX L, LOWE 
merged at a depth of 1 to 3 cm, These were also exposed for two weeks and 
weekly samples were col lected from November 7, lg6g to May 1 , 1970. Dur-
ing this sampl ing period of a year mechanical col lections from natural sub-
strates were taken periodical ly. 
Specimen Preparation 
Diatoms must be cleaned to prepare them for initial microscopic ex-
amination. The cleaning process destroys all of the diatom except the si-
l iceous cel l wal l. Diatoms adhering to a diatometer sl ide were gently 
scraped into a 1000-m1 beaker and approximately 100-m1 of 30 percent H2O2
were added. About 24 hours later a heaping micro-spatula of K2Cr207 was 
added, initiating a violent, exothermic reaction. When the solution con-
taining the sample cooled, it was transferred to a tall 200-m1 beaker. 
After a six-hour settl ing period it was decanted, and glass-distil led wa-
ter was added to dilute the yel low dichromate solution. This operation 
was repeated, with a minimum six-hour settl ing time, until the sample was 
colorless. This cleaning technique is a modified version of the one de-
scribed by Van Der Werff (1955). 
The Styrofoam spheres were dissolved in xylene in 200-m1 tall beak-
ers, and the diatoms were allowed to settle to the bottom. The beakers 
were decanted and filled xylene three times with six-hour settl ing periods 
to get rid of the Styrofoam. They were then fil led and decanted three 
times with 95% ethyl alcohol to rid the sample of xylene after which three 
more decantations were made with disti l led water. This is a modification 
of the procedure described by Hohn and Hellerman (1g63), Thenceforth the 
samples were treated with 30% H2O2 as described above for diatometer sam-
ples. 
A proportional dilution of each sample was accompl ished in the fol-
lowing manner. The volume of water in which the cleaned diatoms were dis-
persed was measured in a graduated cyl inder, and a measured subsample was 
removed with a medicine dropper while the sample was being agitated to 
keep the diatoms in uniform suspension. The subsample was placed in a 
clean shell vial and additional drops of distil led water were added to 
bring the volume to 1 ml (20 drop 1 ml), This diluted suspension was 
then transferred to a clean 22 x 22 mm, #1 coversl ip and dried with gentle 
warming. It was then subjected to about 250°C for a few minutes to drive 
off the remaining water and inverted on a drop of Hyrax mounting medium 
(R, I. 1.65) on a glass sl ide and heated to evaporate the solvent. After 
cool ing, the sl ide was labeled. 
In following the above di lution procedure I was able to transfer a 
known portion of the original sample to a microscope sl ide. If the dia-
toms were too dense or too sparse for microscopical examination, the size 
of the subsample was altered, In the following manner 500 valves were 
counted and identified from each of the weekly samples. A starting place 
was 
determined on each sl ide by a system of random numbers. The sl ide was 
then moved horizontally and the first 500 valves encountered were identi-
fied and recorded. The proportional area covered by this count was deter-
mined, and by this method the total number of valves per sl ide as wel l as 
the total per sample were estimated. Applying ratios derived from the 
species counts and the 500 total permitted similar estimates for the indi-
vidual species. 
The sl ide was then observed in a random pattern to search for uncom-
mon species. 
Chemical and Physical Measurements 
Weekly measurements of the following were made by use of a Hach DR 
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Colorimeter (Hach Chemical Co., Ames, Iowa): ammonia nitrogen, nitrite 
nitrogen, nitrate nitrogen, orthophosphate, sil ica, and sulfate. Chemi-
cal oxygen demand was measured weekly; alkal inity and hardness were mea-
sured every two months according to standard water-chemistry methods. All 
samples for chemical analysis were brought back to the laboratory and ana-
lyzed within a few hours. The samples from June 20 through August 15 
were collected by F. M. Begres (Department of Botany, Iowa State Universi-
ty), and preparatory to later analysis were frozen by the method proposed 
by Strickland and Parsons (1948). By measuring the current with a Kahl is-
co Model 23WA200 low-speed current meter and measuring the depth of water 
in the culvert, an estimate of the weekly flow was obtained. Water tem-
perature was also measured weekly. 
RESULTS AND DISCUSSION 
Physical and Chemical Data 
Alkal inity 
Total alkal inity at station 1 averaged 262 ppm with a range from 254 
to 272 ppm. Phenolphthalein alkal inity was recorded only once and was 28 
ppm. At station 2 the total alkal inity ranged from 260 to 340 ppm with an 
average of 293 ppm. Phenolphthalein alkal inity, observed only once, was 
18 ppm. At station 3 the average was 267 ppm and the range was from 238 
to 288 ppm. Phenolphthalein alkal inity was not recorded. 
There were no great pH differences observed between stations, and 
the pH was in the alkal ine range at all times. The extremes were 7.4 and 
8.5. 
Total hardness 
The water was very hard in all three ditches. The average total 
hardness at stations 1 , 2, and 3 was 370, 342, and 346 ppm as CaCO3, re-
spectively. The minimum and maximum values were observed at station 2, 
namely, 206 and 458 ppm. 
Flow rate 
Flow during spring and early summer varied depending on local pre-
cipitation. In one two-week eeriod, from June 6 through June 20, flow in 
ditch 1 increased from 590 cmSS/sec to 480,000 cm3/sec and then decreased 
again to 450 cm3/sec. Such rapid rises and fal ls usually occurred after 
particularly heavy local rains. Ditch 2 showed a similar, but much smal-
ler, reaction. During the spring and summer period of fluctuating flow, 
most measurements ranged from 200 to 1000 cm3/sec for both outlets. In 
late summer, flow became quite low from both culverts and reached a mini-
mum on August 8 of 40 cm3/sec at ditch 1 and 60 cm3/sec at ditch 2. Stream 
flow in winter was too low for accurate measurement. 
Temperature
Air temperature had a greater effect on the water temperature at 
station 3 than at stations 1 and 2 which were closer to the outlets of the 
drainage culverts and therefore not as greatly modified by air tempera-
ture. Water at station 3 warmed up faster in spring and cooled faster in 
the fall. This station also displayed the highest water temperature re-
corded, 24°C on August 8, as well as the thickest ice cover in the winter. 
In one period in January and February, sampl ing at this station had to be 
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discontinued temporarily because the ditch was frozen from top to bottom, 
The water at stations 1 and 2 remained relatively cool throughout the sum-
mer with a maximum temperature of 19°C. These two stations also had a 
much thinner ice cover in January and February. 
Temperature seems to have had an effect on the time at which density 
pulses were observed for some species as wil l be discussed in the ecologi-
cal section, 
Nitrate nitrogen 
At station 1 , N0~-nitrogen was sl ightly more abundant in the spring 
and early summer than in winter (Fig. 1). Spring runoff from surrounding 
fields may account for this. At station 2, levels of NO3-nitrogen were 
similar to those at station 1 in the spring and summer. The concentration, 
however, dropped sharply in mid-August and remained at quite low levels 
through fall and winter. This drop in NO3-nitrogen coincided with the 
time that the McCallsburg schoolhouse facil ities were beginning to be used 
for the 1969-1970 school year, The increased organic load and the low 
volume of flow through the fall and winter led to extreme reducing condi-
tions at station 2, and most of the nitrogen was in a reduced state. The 
NO3-nitrogen concentration at station 3 displayed a late summer drop also 
but not as sever as the drop at station 2. 
Nitrite Nitrogen 
At station 1 , levels of this form of nitrogen ranged from 0 to 0.034 
ppm (Fig. 2), Although it was very low all year round, the concentration 
did show a sl ight increase when ice cover was present, At station 2 higher 
levels of NO2-nitrogen were present but the greatest concentrations of NO2-
nitrogen were observed at station 3, This probably represents the partial 
oxidation of organic nitrogen from ditch 2. As organic pollution became 
more severe at station 2 the nitrogen was not oxidized by the time it 
reached station 3 as evidenced by decreasing NO2 levels and increasing NH3 
levels. 
Ammonia nitrogen 
The NH nitrogen levels at station 1 were quite low all year (Fig. 3). 
At station 23the concentration remained below 3 ppm until August 29 when 
concentrations increased radically. Again, this was the time of increased 
organic load introduced from the school. As the flow of water increased 
with the spring thaw the NH3 concentration decreased sharply. Station 3 
displayed a pattern similar to that at station 2, but with lower concen-
trations, 
When one looks at all three forms of nitrogen at station 2, the ef-
fect of the organic load becomes clearer. In spring most of the nitrogen 
was in the fully oxidized form (NO3) but in late summer the partially oxi-
dized forms increased and shortly thereafter most of the nitrogen appeared 
as ammonia, the highly reduced form. Station 2 at this time could be clas-
sified as mesosaprobic or polysaprobic. (These terms are discussed in the 
ecological section.) 
Orthophosphate 
At station 1 orthophosphate exceeded 1 ppm only on June 13 (Fig. 4), 
This peak may be caused by the heavy silt load in this sample. At sta-
tions 2 and 3 orthophosphate was at a relatively low level until August 
when a large increase was observed and high levels were present until the 
March thaw. 
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Figure 1. Nitrate nitrogen in ppm at stations 1 , 2, and 3. 
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Figure 2. Nitrite nitrogen in ppm at stations 1 , 2, and 3, 
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Figure 3. Ammonia nitrogen in ppm at stations 1 , 2, and 3. 
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Figure 4, Orthophosphate at stations 1 , 2, and 3. 
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Chemical oxygen demand 
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At station 1 no noticeable trends were observed and the concentra-
tion seemed to fluctuate without pattern (Fig. 5). At station 2 the con-
centration also fluctuated but a definite fal l and winter increase was 
evident. At station 3 a sl ight fall and winter increase was also detecta-
ble but the COD concentrations were lower than at station 2. 
Silica 
Silica was abundant year round (at least 8 ppm) with no large differ-
ences between stations. 
Sulfate 
The levels of sulfate at station 1 increased sharply in late August 
(Fig. 6). At stations 2 and 3 no large fall and winter increases were ob-
served. High sulfate concentrations at station 1 may have been caused by 
higher levels in the ground water source which is diluted by precipitation 
sources in the spring and summer. 
Ecological Section 
The tabulation of the 500 valve diatom counts may be found in Lowe 
(1970). The density of diatoms was greatest in spring and summer at all 
three stations, and nowhere was a large winter population observed (Fig.7). 
The density of diatoms is certainly influenced by a number of factors. 
Seasonal variations in l ight, temperature, flow rates, aeration, osmotic 
effects, and buffering systems may well exert major influences on diatom 
productivity. The total density is, of course, the sum of the densities 
of individual species each of which may respond quite differently to the 
environment. 
In trying to arrive at logical bases for interpreting environmental 
responses of diatom populations a number of investigators have developed 
or modified classification systems which may be used to categorize the tol-
erance of various species to major environmental influences. 
Hustedt (1956) presented the following classification system for tem-
perature tolerance of diatoms: 
Eustenotherm forms tolerate temperature fluctuations of about 5°C 
and are divided into three groups: (1) cold water forms in tem- 
peratures around 15° , (2) temperate forms in water of 15° to 
25°, and (3) warm water forms in water 25° or over. 
Mesostenotherms tolerate a temperature fluctuation of about 10° and 
are also subdivided into three groups: (1) cold water forms in 
a 10° to 20° range, (2) temperate forms in a 15° to 25° range, 
and (3) warm water forms in a 25° to 40° range. 
Mesoeurytherm species are found in the following three ranges: (1) 
cold to temperate forms in a loo to 25o range, (2) temperate 
forms in a 15° to 30° range, and (3) warm water forms in a 20°
to 45° range. 
True eurytherms tolerate temperature fluctuations of 20° or over. 
Thienemann (1939) classified as follows the organisms in a community 
depending on the strictness of their relationship to the community: 
Coenobiontic species are those that are characteristic of the habi-
tat and are of common occurrence. 
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Figure 5. Chemical oxygen demand in ppm at stations 1 , 2, and 3. 
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Figure 6. Sulfate in ppm at stations 1 , 2, and 3. 
19 
20 REX L. LOWE 
DENSITY OF DIATOMS ON ARTIFICIAL SUBSTRATES 
x 
u 
a 
w 
~~ 
STATION 1 
C 
STA TION 2 
STATION 3 
_b rte ~~ N N  «mN .-OD 
YINN ~ 
pNn 
~~ NI'f 
n NN _N P_NN PbnO~ ON  nb n NnnOnN~ 
MAY JUNE JULY AUG. SEP OC T. NOV. DEC• JAN. N FE& N MAR.N APR^ N1AV 
1969 1970 
Figure 7. The density of diatoms on artificial substrates. 
A glass substrate was used from May 16 to October 
31, and styrafoam was used from November 7 to May 
1 , i°tissing values indicate that no samples were 
avai lable on those dates. 
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Coenophil ic species are those which are found in various habitats 
but have their best development in one particular habitat. 
Coenoxenic species are those which are not characteristic of the 
habitat and are considered misplaced. 
This system has been developed and modified to describe a species' reac-
tion to various physical and chemical factors. Current, for instance, is 
an important factor in determining the distribution of diatoms, and Thiene-
mann's classifications can be modified to describe a diatom's preference 
for lotic or lentic water. A rheobiont is restricted to flowing waters. 
A rheophil has its best development in lotic water but may be found in 
other habitats. A rheoxene does not grow in flowing water and its appear-
ance there is accidental. Similarly, diatoms may be classified with re-
spect to their development in standing water. A l imnobiont is restricted 
to lentic habitats. Many of the diatoms in this group are planktonic. A 
l imnophil has its best development in lentic water. 
One of the first chemical factors to be investigated was sal inity. 
Kolbe (1927) devised the halobion system for the classification of dia-
toms which was later modified by Hustedt (1957). The resulting classifi-
cation is as follows: 
Polyhalobion: l iving in water with a salt content of 30,000 ppm 
and greater. 
Mesohalobion: 
Euryhal ine mesohalobion: l iving in salt solutions ranging from 
200 to 30,000 ppm, 
Alpha-mesohalobion: brackish-water forms, living in salt con-
centrations of from 10,000 to 30,000 ppm, 
Beta-mesohalobion: brackish-water forms, l iving in salt con-
centrations of from 200 to 10,000 ppm. 
Oligohalobion: 
Halophil: stimulated by moderate chloride concentrations, 
Indifferent: tolerates moderate chloride concentrations. 
Halophobe: small amounts of salt are unfavorable for growth. 
The hydrogen ion concentration seems to be an important factor in 
diatom distribution. The ~H system is another modification of Thienemann's 
classifications (Hustedt, 1957), namely: 
Alkal ibiont: restricted to a pH of over 7. 
Alkal iphil: best development at a pH of over 7. 
Indifferent: grows well in slightly acid or alkal ine water. 
Acidophi l: best development at a pH less than 7. 
Acidobiont: restricted to a pH of less than 7. 
Many aquatic habitats are buffered by a calcium carbonate buffer 
system. Some authors prefer to use a system of calcibionts, calciphils,
and calciphobes in place of the pH system. 
The saprobion system given below of Kolkwitz and Marsson (1908) is 
used to classify organisms with respect to the degree of organic pollution 
they may tolerate. Four stages of pollution were originally recognized 
and later redefined by Kolkwitz (1935). 
Polysaprob~ic: zone in which the bottom is covered by black sludge, 
iron sulfide present and hydrogen sulfide being l iberated, no 
oxidation of ammonia and l ittle or no oxygen present. 
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Mesosaprobic: zone in which oxidation begins. 
Alpha-mesosaprobic: zone containing amino acids, 
Beta-mesosaprobic: Zone in which further oxidation takes place. 
Ol igosaprobic: zone in which oxidation is nearly complete, water is 
wel l oxygenated and mud has been oxidized. 
The above system describes the recovery only from domestic pollution. 
Hustedt (1957) bel ieves oxygen to be the important factor. He has pro-
posed the following oxygen system: 
Euryoxybiont: tolerant of a wide range of oxygen levels. 
Mesoxybiont: tolerant of smal ler oxygen fluctuations. 
Ol igooxybiont: intolerant of much fluctuation in oxygen concentra-
tion, usually requiring oxygen saturation. 
Many of the preceding terms have been used by various authors to des-
cribe the ecology of diatom species. The following is an alphabetical 
l ist of all the species encountered in this study with an indication of 
their relative abundances at each station (Table 1). Ecological comments 
and patterns of occurrence appear for those species that are common or a-
bundant (comprising at least 5% of the community during some period of the 
investigation). A voucher specimen for most species encountered may be 
found in the Iowa State University Diatom Herbarium. 
Table 1. Relative abundances of al l diatoms observed at the 3 sampl ing 
stations. - = not observed. R = rare, always less than 1% of 
the community. U = uncommon, between 1% and 5% of the community 
at times. C common, between 5% and 20% of the community at 
times. A = abundant, over 20% of the community at times. 
Diatoms Observed Relative Abundance 
Station Station Station 
1 2 3 
Achnanthes affinis Grun, var, affinis C - U 
A. exigua var, heterovalva Krasske U 
A, hungarica (Grun.) Grun, var, hungarica R 
A, lanceolata (Breb.) Grun, var, lanceolata A A A 
A, lanceolata var, dubia Grun. U C C 
A, l inearis (W.Sm.) Grun, var, l inearis R R 
A, minutissima Kutz. var. minutissima A U U 
Amphora oval is var, l ibyca (Ehr.) Cl. R R 
A, ovalis var. pediculus (ICutz.) Hust. A R 
A, submontana Hust, var. submontana R R R 
A, veneta Kutz, var, veneta R U 
Anomoeoneis sphaerophora (Ehr.) Pfitz. 
var. sphaerophora Ic 
Caloneis bacillaris var, thermal is (Grun.) A. C1. R -
C, bacillum (Grun.) C1, var. bacillum R U 
C, lewisi i Patr, var, lewisii R R 
R 
R 
R 
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Diatoms Observed Relative Abundance 
Station Station Station 
1 2 3 
C, schumanniana (Grun,) C1, var, schumanniana R R 
C. schumanniana var, biconstricta Grun, R R R 
C, ventricosa var, truncatula (Grun.) Meist, R - R 
Cocconeis pediculus Ehr, var, pediculus U R A 
C. placentula var, euglypta (Ehr,) C1. C C A 
C, placentula var, lineata (Ehr.) V. H R - U 
Cyclotella meneghiniana Kutz, var. meneghiniana R R A 
Cyl indrotheca gracil is (Breb,) Grun, var. 
graci l is - R 
Cymatolpleura solea (Breb,) W. Sm, var, solea R R R 
Cymbella aspera (Ehr.) Herib, var, aspera R -
C, cistula (Hemprich) Grun, var, cistula R -
C, cuspidata Kutz, var, cuspidata R 
C, mexicana (Ehr,) C1. var, mexicana R -
C, microcephala Grun. var, microcephala R 
C. navicul iformis Auerswald var, navicul iformis - R 
C. triangulum (Ehr,) Cl, var, triangulum R 
C, ventricosa Kutz, var, ventricosa R R R 
Diploneis ell iptica (Katz.) C1. var, el l iptica R 
D, oblongella (Naeg, ex Kiitz,) Ross var. 
oblongella - R 
Epithemia turgida (Ehr.) Kutz, var, turgida - R 
E. turgida var, granulata (Ehr,) Brun - R 
E, zebra var, porcellus (Katz.) Grun. R 
E, zebra var, saxonica (Katz.) Grun, - R R 
Eunotia curvata (Katz.) Lagerst, var, curvata U - R 
E, formica Ehr, var. formica R 
Fragilaria leptostauron var, dubia (Grun.) Hust. R -
-~F, vaucheriae f, contorts Lowe C A C 
Frustulia vulgaris (Thwaites) De Toni var. 
vulgaris R R R 
Gomphonema acuminatum var, brebissonii 
(Katz.) Grun. R R 
G, acumuinatum var, coronata (Ehr,) W, Sm. R R R 
G. angustatum (Katz.) Rabh. var, angustatum A A A 
G. angustatum var, sarcophagus (Greg.) Grun, R R 
G. angustatum var. undulata (Greg,) Grun, R 
G. constrictum Ehr. var. constrictum U R U 
24 REX L, LOWE 
Diatoms Observed Relative Abundance 
Station Station Station 
1 2 3 
G, constrictum var, capitatum (Ehr,) C1 R 
G, gracile Ehr, var, gracile R 
G, gracile var, lanceolate (Kutz,) C1, R -
G, insigne Greg. var. insigne U R C 
G, intricatum Kutz, var, intricatum R 
G, intricatum var, pumila Grun, R -
G. intricatum var, vibrio f, subcap_itata Mayer R 
G, lanceolatum var, insignis (Greg,) Cl, R R 
G, mexicanum Grun, var. mexicanum R 
G, montanum var, acuminatum (Per, and Herib,) 
Mayer - R -
G. montanum var. subclavatum Grun, R R R 
G, ol ivaceum (Lyngb,) K"utz, var, ol ivaceum R -
G, parvulum (Kiatz,) Grun, var, parvulum C A A 
G, turris Ehr, var, turris R 
G. val idum var, elongate C1. R 
Gyrosi9ma scalproides (Rabh,) C1, var. 
scalproides R R 
Hantzschia amphioxys (Ehr.) Grun, var, amphioxys R R R 
H, amphioxys f, capitata 0. Mull. R R R 
H, amphioxys var, major Grun, R R 
H, amphioxys var, vivax (Hantz,) Grun. R R 
Melosira canadensis Hust, var, canadensis R 
M, granulata (Ehr,) Ralfs var, granulata R R 
M, varians Agardh var, varians A R C 
Meridion circulate (Grev,) Agardh var, circulate A A A 
Navicula abiskoensis Hust, var, abiskoensis R 
N, accomoda Hust, var, accomoda R U R 
N, americana Ehr, var, americana R R -
N, amphibole C1 , var, amphibole R -
N, angl ica var, subsalsa (Grun.) Cl. R 
N. bacilloides Hust, vat. bacilloides R 
N, biconica Patr. var, biconica R R 
N, capitata Ehr. vat. capitata R R 
N, capitata var, hungarica (Grun,) Ross R R C 
N, cryptocephala Kiftz, var, cryptocephala R -
N. cryptocephala f, terrestris Lund R U R 
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Diatoms Observed Relative Abundance 
Station Station Station 
1 2 3 
N, cryptocephala var, veneta (Kutz.) Rabh, R R R 
%~N. cryptogaster Lowe var, cryptogaster R R R 
N, cuspidata (Kutz.) Kutz, var, cuspidata R R R 
N, cuspidata var, ambigua (Ehr.) Cl. R R R 
N, cuspidata var, heribaudi i Peragallo R R R 
N, decussis >~str, var, decussis R R 
N, elginensis (Greg.) Ralfs var, elginensis R R R 
N, exiqua var, capitata Patr. - R 
N, heufleri Grun. var, heufleri - R 
N, lanceolata (Ag,) Kutz, var, lanceolata U R R 
N, luzonensis Hust, var, luzonensis R R R 
N, menisculus Schumann var, menisculus R R R 
N, menisculus var, upsal iensis (Grun.) Grun, R R R 
N, minuscula Grun, var, minuscula U R R 
N. mutica Kutz, var, mutica R R R 
N, mutica var, cohni i (Hi lse,) Grun. R 
N, mutica var, tropica Hust. R -
N, mutica var, undulata (Hilse) Grun, 
C 
R 
U 
-
C N. nigri i De Notaris var, nigri i 
N. pell iculosa (Breb ex. Kutz.) Hilse var. 
A U U pell iculosa 
N, pseudoreinhardtii Patr, var, pseudoreinhardti i U R R 
N, pupula Kutz, var, pupula R U U 
N, pupula var, el l iptica Hust - R -
N, pupula var, rectangularis (Greg.) Grun. R 
N, radiosa Kutz, var, radiosa R 
N, sal inarum var, intermedia (Grun.) C1, R 
U R 
R 
U N, seminulum Grun, var, seminulum 
N, seminulum var, intermedia Hust. R U R 
N, tenelloides Hust. var, tenel loides R 
N, tantula Hust, var, tantula R R R 
N, tripunctata (O. Mull.) Bory var, tripunctata R R R 
N, viridula var, argunensis Skv. R R R 
N, viridula var, rostellata (Kutz.) Cl. R 
N, wittrocki i (Lagst,) A. C1, var, wittrockii R 
Neidium affine (Ehr,) Pfitz, var, affine R R R 
N, affine var, amphirhynchus (Ehr,) C1. R 
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Diatoms Observed Relative Abundance 
Station Station Station 
1 2 3 
N, affine var, bonsaensis Foged R 
N, bisulcatum (Lagerst,) C1, var, bisulcatum R R R 
N, hercynicum f, subrostrata Wallace R 
N, iridis (Ehr.) Cl, var. iridis R R R 
N, kozlowi i var, parvum Mereschk. - R -
N, productum (W. Sm.) C1. var, productum R 
Nitzschia accomodata Hust, var, accomodata U A A 
N, acicularis (Kutz.) W. Sm, var, acicularis U R U 
N, amphibia Grun, var. amphibia R U C 
N, apiculata (Greg.) Grun, var, apiculata R R U 
N, cal ida Grun, var, cal ida R 
N, communis Rabh, var, communis R R 
N. denticula Grun, var, denticula R R R 
N, dissipata (Kutz.) Grun, var, dissipata R R R 
N, fonticola Grun, var, fonticola R R R 
N, frustulum (Kutz.) Rabh, var, frustulum R R 
N, hungarica Grun, var, hungarica R R R 
N, l inearis (Ag.) W. Sm, var, linearis A U A 
N, microcephala Grun, var, microcephala R -
N, ~alea (Kutz.) W, Sm, var, pales A C A 
N, speciosa Hust, var. speciosa R 
N, stagnorum Rabh. var, stagnorum C R 
N, subcapitel lata Hust. var, subcapitellata R R 
N, vermicularis (Kutz.) Hantz, var, vermicularis U - U 
Pinnularia acrosphaeria W. Sm, var, acrosphaeria - R R 
P, biceps f, petersenii Ross - R 
P, boreal is Ehr. var. borealis R R R 
P, brebissonii (Kiitz.) Rabh, var, brebissoni i R R R 
P. flexuosa Cl, var. flexuosa - R 
P, gibba f, subundulata Mayer R R 
P, gracil is Hust, var. gracilis R R 
P, hilseana Jan, var, hilseana R 
P. streptoraphe C1, var, streptoraphe R 
P. torts (Mann,) Patr, var, torts R 
P. viridis (Nitz.) Ehr, var, viridis R R R 
Rhoicosphenia curvata (Kiitz.) Grun, var, curvata C R C 
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Diatoms Observed Relative Abundance 
Station Station Station 
1 2 3 
Rhopalodia gibba (Ehr.) 0, Mull, var, gibba - R 
Stauroneis anceps Ehr, var, anceps R R 
S, anceps f, gracil is Rabh. R 
S, borrichii (Petersen) Lund var, borrichi i R R R 
S, phoenicenteron (Nitz.) Ehr, var, 
phoenicenteron R -
S, phoenicenteron f. gracil is (Ehr.) Hust, R R -
S. phoenicenteron var, bruni i (M. Perag, and 
Herib,) Voigt R. 
S, smithi i Grun, var, smithi i R R R 
Surirella anqusta Kutz, var, anqusta R R R 
S, elegans Ehr, var, elegans R -
%~S, iowensis Lowe var, iowensis R R 
S, ovata Kutz, var, ovata C R C 
S, ovata var, pinnata (W. Sm.) Hust, R U R 
%~S. stoermerii Lowe var, stoermeri i R 
S, tenera Greg, var, tenera R R 
Synedra acus Kutz, var, acus R C 
S, rumpens var, fragilarioides Grun. - R R 
S, ulna (Nitz.) Ehr, var, ulna A C A 
S, ulna var, danica (Kutz.) Grun, R 
%Lowe, R, L. Notes on Iowa diatoms X: New and rare diatoms from Iowa. 
Proc. Iowa Acad, Sci, (in press). 
Achnanthes affinis Grun., var, affinis 
Ecology: This species is said to be eurytopous (having a wide range 
of geographical distribution) and is reported most often from circumneu-
tral to alkal ine water (Patrick and Reimer, 1966). It has a pH optimum 
somewhat over 7 (Cholnoky, 1968), 
Occurrence: Found in moderate numbers at stations 1 and 3 (Fig. 8). 
The absence of A, affinis from station 2, or from any other samples col-
lected from ditch 2, may indicate a lack of tolerance for organic pol lu-
tion. Since the pseudoraphe valve of A, affinis is difficult to distin-
guish from the pseudoraphe of A, minutissima and these two populations oc-
cur together in many samples, A, affinis must be distinguished by its 
stauros-l ike central area on the raphe valve. 
Achnanthes lanceolata (Breb,) Grun. var, lanceolata 
Ecology: According to Patrick and Reimer (1966), it was quite com-
mon, occurring under a wide range of ecological conditions but developing 
strongly in wel l -aerated flowing waters (?rheophil) of neutral to alkaline 
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Figure 8, Density of Achnanthes affinis at stations 1 and 2, The 
symbol ns indicates that no sample was avai lable on that 
date, 
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pH (pH ?indifferent or alkal iphil). It did not seem to appear in large 
numbers under conditions of heavy organic enrichment. Hustedt (1938a) 
observed its occurrence in a pH range of from 4 to 9 with a maximum devel-
opment in alkal ine water. The pH optimum l ies between 7.2 and 7.5 accord-
ing to Cholnoky (1968). Foged (1948b, 1854) stated that the species is 
salt indifferent, alkal iphilous, and rheobiontie. Hornung (1959) reported 
it to be a rheophil with a growth maximum in the spring. Schroeder (1939) 
found a growth maximum both in the spring and fall. In an experiment by 
McIntire (1966), A, lanceolata was among the first to colonize a labora-
tory stream (rheophil). 
Occurrence: This species showed a similar growth pattern at all 
three stations with a large maximum in summer and a smaller pulse in 
spring (Fig. 9). The population density decl ined 4 to 5 weeks sooner at 
stations 2 and 3 than at station 1. This was the same time that the or-
ganic load was increasing at stations 2 and 3, which may have been re-
sponsible for the declining populations. 
Achnanthes lanceolata var. dubia Grun. 
Ecology: Patrick and Reimer (1966) indicated that the ecology of 
this species and that of the nominate variety are similar. 
Occurrence: This species showed a large summer maximum at stations 
2 and 3 (Fig. 10). The pulse of this variety follows that of the nominate 
variety quite well except at station 1 where the pulse is much smaller. 
The large density increases at stations 2 and 3 begin at the same time or-
thophosphate levels are increasing at these two stations (Fig. 4), and de-
creases at about the same time A, lanceolata v, lanceolata is decreasing. 
Achnanthes minutissima Kutz, var, minutissima 
Ecology: Budde (1930b) classified it as a mesosaprobe. Fjerding-
stadt (1950) found large populations from alpha- and beta-mesosaprobic 
environments. However, Cholnoky (1858) stated that this variety is indi-
cative of high oxygen content of the water; therefore, it will not be 
found in large numbers under saprobic conditions. Scheele (1952) indi-
cated that it is tolerant of an extremely broad spectrum of environmental 
conditions. Hustedt (1938a) summed up the discussion quite well by char-
acterizing 'rt as cosmopolitan and one of the more ubiquitous diatoms 
known. It is oligohalobic and eurythermal, once being found in a spring 
at 37°C. The pH ranges from 4.3 to 9.24. 
Occurrence: It was observed at all three stations but was abundant 
only at station 1 (Fig. 1 1). 
Amphora oval is var, pediculus (Kutz.) Hust. 
Ecology: Scheele (1952) classified this variety as an aerophyte. 
It is salt and current indifferent and alkal iphilous (Foged, 1948a). 
Fjerdingstadt (1950) classified it as an alpha- and beta-mesosaprobe. Am-
phora oval is var, pediculus sociations occur on the bottom and on stones 
at the shore in large eutrophic lakes and ponds, and are alkal iphilous 
(J~rgensen, 1948). Hustedt (1957) stated that this variety is an indif-
ferent ol igohalobe, alkaliphilous, and an ol igosaprobe indifferent to 
stream flow. 
Occurrence: Amphora oval is var, pediculus was present at station 1 
most of the year (Fig. 12). It was collected only in small numbers from 
station 3, mainly in fall and winter, and not at all from station 2. This 
was one of the few populations to maintain moderate numbers during late 
fall and winter (station 1). 
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Ac hnanthes lanceolata var. dubia
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Figure 10, Density of Achnanthes lanceolata var, dubia at 
stations 1, 2, and 3, The symbol ns indicates 
that no sample was avai lable on that date, 
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Figure 11. Density of Achnanthes minutissima at station 1. The 
symbol ns indicates that no sample was avai lable on 
that date. 
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Figure 12. Density of Amphora oval is var, pediculus at station 1. 
The symbol ns indicates that no sample was avai lable 
on that date. 
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Cocconeis pediculus Ehr, var, pediculus 
Ecology: It is calcium indifferent according to Niessen (1956), and 
is a widespread eurytopous species epiphytic on many aquatic plants and 
other objects, but not often found in large numbers. Considered by some 
as resistant to moderate amounts of pollution, it is alkal iphi lous and 
salt indifferent (Patrick and Reimer, 1966), and halophilous (Budd, 1930a; 
Simonsen, 1962). An eurytopic fresh-water form indifferent to current, 
halophilous and alkaliphi lous is Scheele's (1852) description. Cholnoky 
(1968) quoted a pH optimum of around 8.5. It is often very frequent as an 
epiphyte in strongly alkaline water and is brackish-water tolerant. 
Occurrence: This species occurred in smal l numbers at station 1 
mainly in the winter. Only a couple of valves were observed at station 2. 
At station 3 C. pediculus was first recorded in the weekly counts on Au-
gust 8 and quickly reached a maximum density of August 29 (Fig. 13). The 
appearance of large numbers of this species followed the choking off of 
this station by the filamentous green alga Rhizoclonium. Great mats of 
this alga completely covered the surface of the water at station 3, sur-
rounding the diatometer from early August to late September, at which time 
Spirogyra sp, began to replace it. 
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Figure 13. Density of Cocconeis pediculus at station 3. The sym-
bol ns indicates that no sample was avai lable on that 
date. 
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Cocconeis placentula var, euglypta (Ehr,) Cl. 
Ecology: Hustedt (1957) described it as an ol igohalobe, alkal iphi-
lous, and an ol igosaprobe. Hornung (1959) also described it as being 
ol igosaprobic. Schroeder (1939) found this species to have a fal l maxi-
mum with a smal ler spring pulse. Hustedt (1938a) pointed out the impor-
tance of a proper substrate for the cel ls to grow on, Indifferent to mild 
organic pollution is Butcher's (1940) characterization, and Cholnoky (1968) 
attributed to it a pH optimum of around 8. 
Occurrence: At station 2 this diatom appeared in moderate numbers 
in the late summer but was completely absent for most of the year. At 
stations 1 and 3 it was present for most of the year (Fig, 14), As with 
C, pediculus this diatom is dependent on a proper substrate such as Rhizo-
clonium on which to grow epiphytically. C, placentula var, euglypta may 
be more dependent on such a substrate than is C, pediculus, In August and 
September when the station was choked by a floating mat of Rhizoclonium, 
C, placentula var, euglypta outnumbered C, pediculus by at least 20 to 1. 
The Rhizoclonium was largely replaced in the fal l by Spiro4yra, which is 
a poor host for epiphytic diatoms, The proportion of these two species of 
Cocconeis was nearly reversed by mid-November although both species were 
present in greatly reduced numbers, C, placentula var, euglypta may also 
be more sensitive to the increased organic load at this station in the 
fal l, 
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Figure 14. Density of Cocconeis placentula var, euglypta at 
stations 1 and 3, The symbol ns indicates that 
no sample was avai lable on that date. 
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Cyclotel la meneghiniana Kutz, var, meneghiniana 
Ecology: Hustedt (1957) reported this entity to be cosmopolitan in 
brackish water. While not uncommon in fresh, hard waters it rarely blooms 
under these conditions. It is considered a halophil by the following: 
Petersen (1943), Budde (1930a), Hustedt (1937), and Foged (1948b). Appar-
ently this species tolerates organic pol lution. Kolkwitz (1935) and 
Schroeder (1939) considered it to be beta-mesosaprobic, In a study by Si-
monsen (1962) it was found to be an indicator of waste water, Cholnoky 
(1968) stated that it is a facultative heterotroph with a pH optimum of 
about 8.5. Raabe (1951) found this species occurring with maximum popu-
lation in the fall. 
Occurrence: It was observed occasionally in very small numbers from 
stations 1 and 2, but at station 3 it played a major role in the flora in 
the fall (Fig, 15). The pulse of this species at station 3 follows 
closely the period of rising organic load, The species remains present at 
low levels through the winter, 
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Figure 15. The density of Cyclotel la meneghiniana at station 3. 
The symbol ns indicates that no sample was available 
on that date. 
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Fragilaria vaucheriae f, contorta Lowe 
Occurrence: This organism was observed in moderate numbers at sta-
tions 1 and 3, and in large numbers at station 2 (Fig. 16). Frustules ap-
peared singly or in short chains. 
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Figure 16. Density of Fraqi laria vaucheriae f, contorta at 
stations 1, 2, and 3. The symbol ns indicates 
that no sample was available on that date, 
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Gomphonema angustatum (Kutz.) Rabh, var, angustatum
Ecology: It is an ol igohalobe (indifferent), an alkal iphil , and an 
ol igosaprobe, It has never been observed from a mesosaprobic habitat in 
great numbers, and is found more frequently in streams than G, parvulum 
(Hustedt, 1957)• Foged (1954, 1948b) and Scheele (1952) termed it alkal i-
philous, and Budde (1930b) called it ol igosaprobic. The pH optimum is 
from 7.5 to 7.7 (Cholnoky, 1968). Hornung (1959) found increases in rela-
tive abundance of this species with increases in stream velocity. 
Schroeder (1939) recorded a fal l and winter maximum for the species. 
Occurrence: This species was observed in large numbers at all three 
stations with a maximum development in spring and early summer (Fig, 17). 
G, angustatum appears to be stimulated by smal l amounts of organic 
enrichment. Although spring maxima were observed at al l three stations, 
the maxima were much greater at stations 2 and 3, 
It is also quite tolerant of rapidly flowing water (rheophilous), 
Samples from rocks had a much higher percentage of this species after peri-
ods of rapid flow. 
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Figure 17, Density of Gomphonema angustatum at stations 
1, 2, and 3. The symbol ns indicates that no 
sample was avai lable on that date. 
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Gomphonema insigne Greg, var, insigne 
Occurrence: This entity was collected from only one sample at sta-
tion 2, At stations 1 and 3 it was observed almost continuously from Sep-
tember to March and was not encountered at either station from Apri l 
through August (Fig. 18). Its scarcity at station 2 may indicate a lack 
of tolerance for organic pol lution. 
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Figure 18. The density of Gomphonema insigne a[ stations 1 and 3. 
The symbol ns indicates that no sample was avai lable 
on that date. 
Gomphonema parvulum (Kutz,) Grun, var, parvulum 
Ecology: It is cosmopol itan, indifferent, euryhal ine, eurytopic in 
relation to water type, and has been observed in massive growths in water 
with a pH of 5.5 to 8.5. The great adaptabil ity of the species accounts 
for its variabi l ity (Hustedt, 1938b), Scheele (1952) and Foged (1948a) 
described it as euryhal ine and rheophilous, and Budde (1930a, 1931) as 
halophi lous and mesosaprobic. This variety may live in brackish water and 
has a pH optimum of 7,8 to 8.2. It is a facultative nitrogen heterotroph 
and may be an indicator of pollution (Cholnoky, 1968). Butcher (1947) in-
dicated that this is one of the most resistant diatoms to polysaprobic con-
ditions. It is tolerant rather than dependent, as it is found in clean 
water also. Wallace and Patrick (1950) discussed the difficulties in-
volved in identifying this highly variable species. 
Occurrence: It appeared frequently at all three stations (Fig. 19). 
The massive abundance of G, parvulum at station 2 occurred at the same 
time as the greatly increased organic load and replaced a dense population 
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of G, angustatum. I had great difficulty separating these two species dur-
ing this period of transition, and many intermediates between the two were 
observed. Wallace and Patrick (1950) indicated that the broader capitate 
apex of G, angustatum and the wide space around its central stria are dis-
tinctive enough characters to separate the two species. I found the 
breadth of the capitate apex to be intergrading, and in some intact frus-
tules the two valves varied radically with respect to the spaces around 
the central stria. If the latter character were used as a basis of sepa-
ration, the two valves on some of the specimens observed would indicate 
different species. This leads to the conclusion that either these two spe-
cies are highly variable and under certain conditions may appear morpho-
logical ly the same, or, that they are indeed the same species and that 
their great variabil ity in morphological expression is a result of envi-
ronmental changes. Figure 20 displays the variabi l ity of the species which 
has been described as G, parvulum in this study. 
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Figure 1~. Density of Gomphonema parvulum at 
stations 1, 2, and 
3, The symbol ns indicates that no sample was avai la-
ble on that date. 
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Melosira varians Agardh var, varians 
Ecology: Hustedt (1937) described it as a l ittoral form of eutrophic 
waters and beta-mesosaprobic as wel l as often a saprophyte in massive oc-
currence (1957). The latter finding was corroborated by Simonsen (1962). 
Hornung (1959) found it with a large ecological span from massive growths 
in eutrophic waters in summer to catharobic waters in January and Febru-
ary. Cholnoky (1968) indicated that this is the only member of the genus 
that can become frequent in eutrophic water. It is probably an obl igate 
nitrogen heterotroph. 
Occurrence: This variety was one of the most important diatoms at 
station 1, being present in the samples year round. In summer the ditch 
was choked by massive growths of it when it reached a maximum (Fig. 21). 
At this time there was evidence of widespread auxospore formation. It was 
observed from only two samples from station 2. 
The massive growth of this species at station 1 shows that the pres-
ence of large numbers of this species is not necessarily an indication of 
mesosaprobic conditions. 
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Figure 21. Density of Melosira varians at stations 1 and 3. The 
symbol ns indicates that no sample was avai lable on 
that date. 
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Meridion circulate (Grev.) Agardh vat. circulate 
Ecology: A cosmopol itan species, it prefers flowing water (Hustedt, 
1938b; Patrick and Reimer, 1966). Foged (1954) and Scheele (1952) des-
cribed it as an alkal iphilous rheobiont, and Hustedt (1957) a~ an ol igo-
halobic, saproxenous, alkal iphilous rheophil. Spring maxima were reported 
by Schroeder• (1939) and Raabe (1951). 
Occurrence: Spring maxima of this species were observed at all three 
stations (Fig, 22). The scarcity of this species at stations 2 and 3 dur-
ing the fall and winter may indicate an adverse reaction to the increased 
organic load. It remained present at station 1 during this period. 
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Figure 22. Densi'y of Meridion circulate at stations 1 , 2, and 3. 
The symbol ns indicates that no sample was avai lable 
on that c+ate. 
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Navicula capitata var, hungarica (Grun.) Ross 
Ecology: Hustedt (1938a) described it as a cosmopol itan, indifferent 
l ittoral form of alkal ine waters. It was reported to be a halophil by 
Petersen (1943) and Budde (1930a), but Hustedt (1957) and Simonsen (1962) 
classified it as an indifferent ol igohalobe. Scheele (1952) and Foged 
(1948b) characterized this variety as a rheophil. 
Occurrence: This variety was observed occasional ly from stations 1 
and 2 but grew in larger numbers at station 3 (Fig. 23). The density max-
imum occurred just before the thick ice cover stopped the taking of sam-
ples at this station; the total density of diatoms was low at this time. 
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~igure 23. Density of Navicula capitata var, hungarica at station 3, 
The symbol ns indicates that no sample was avai lable for 
that date. 
Navicula nigrii De Notaris var, nigri i 
Ecology: Widely distributed in fresh water and sometimes found in 
sl ightly brackish water, this diatom has been reported from many collec-
tions as N, minima. However, a reevaluation of De Notaris's material by 
Granetti (1968) showed N. minima to be a later synonym and N, nigri i to be 
the older legitimate name, 
Occurrence: It was observed in moderate numbers at all three stations 
and in greatest numbers at station 3. 
Navicula pell iculosa (Breb, ex. Kutz,) Hi lse var. pell iculosa 
Ecology: It is widely distributed in fresh water, seeming to prefer 
water of high mineral content (Patrick and Reimer, 1966). Hustedt, 1957 
described it as an ol igohalobe (indifferent) and an alkal iphilous ol igo-
saprobe. It has an optimum pH around or slightly over 8. Hornung (1959) 
indicated it may have a preference for lotic waters. 
Occurrence: This diatom was observed in small numbers from stations 
2 and 3 but was an important spring dominant at station 1 (Fig, 24). Early 
44 REX L. LOWE 
in March N, pel l iculosa began to grow in large numbers on the bottom of 
ditch 1 near the culvert. By late May massive colonies could be seen ris-
ing from the mud bottom of the ditch and floating downstream. By the end 
of June, however, N, pell iculosa became rare in col lections from this 
ditch. This same pattern of massive spring pulse was observed in three 
successive years. 
Nitzschia accomodata Hust, var, accomodata 
Ecology: This diatom may be a nitrogen heterotroph. Its pH optimum 
is between 7.8 and 8 (Cholnoky, 1968). 
Occurrence: It was observed infrequently at station 1 but in large 
numbers from stations 2 and 3 (Fig. 25). The appearance of this species 
in large numbers at station 2 and moderate numbers at station 3 while be-
ing uncommon at station 1 may indicate a tolerance of, or even an affinity 
for, organic enrichment. N, accomodata is quite similar to N, pales in 
appearance and can best be distinguished by its more gradually tapering 
apices. 
Nitzschia amphibia Grun. var, amphibia 
Ecology: A cosmopol itan ol igohalobe and one of the more ubiquitous 
diatoms known, it is common in the l ittoral zones of lakes and in streams 
(Hustedt, 1938b). Described as current and salt indifferent and an alkal i-
biont by Foged (1948b), Jorgensen (1948) found it has a pH range of 6.3 to 
g.0 with an optimum around 8.5. It is at least a facultative nitrogen he-
terotroph (Cholnoky, 1968). 
Occurrence: It was observed occasional ly from station 1 and fre-
quently at stations 2 and 3 (Fig. 26). The occurrence of this species in 
large numbers at 2 and 3 and its apparent scarcity at station 1 may indi-
cate that it is tolerant of or stimulated by organic enrichment. 
Nitzschia l inearis (Agardh) W. Sm, var, l inearis 
Ecology: It is a cosmopol itan, ol igohalobic, stream and brook species 
(Hustedt, 1938b), and is classified as a rheobiont and alkaliphil by 
Scheele (1952) and Foged(1948b). It is one of the few fully autotrophic 
species of Nitzschia (Cholnoky, 1968), and Hustedt (1957) described it as 
an ol igohalobe (indifferent), alkal iphil , mesoxybiont, rheophil but not to 
be labeled as a rheobiont. 
Occurrence: This species was present at station 2 but never very a-
bundant. At stations 1 and 3 it was very abundant and displayed a very 
well-defined spring pulse (Fig. 27). The absence of a large pulse of this 
diatom at station 2 may indicate a lack of tolerance for organic enrich-
ment. 
Nitzschia pales (Kiitz.) W. Smith var, pales 
Ecology: It is cosmopol itan and a typical mesosaprobe. Especially 
abundant in strongly eutrophic alkal ine water (Hustedt, 1938b), it occurs 
in large numbers in polluted crustose communities (Blum, 1957). This va-
riety is one of the algae more resistant to organic pollution (Butcher, 
1947). A frequent diatom of strongly eutrophic alkaline water, it is an 
obligate nitrogen heterotroph and a good indicator of pollution (Cholnoky, 
1968). 
Occurrence: It was observed with a summer maximum at all three sta-
tions (Fig. 28), indicating its tolerance for a wide range of ecological 
conditions. 
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Nitzschia accomodata 
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Figure 25. Density of Nitzschia accomodata at stations 2 and 3. 
The symbol ns indicates that no sample was avai lable 
for that date. 
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Nitzschia amphibia
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Figure 26. Density of Nitzschia amphibia at stations 2 and 3. 
The symbol ns indicates that no sample was avai la-
ble for that date. 
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N itzschia linearis 
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Figure 27. Density of Nitzschia l inearis at stations 1 and 3. The 
symbol ns indicates that no sample was available for 
that date. 
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Nitzschia pales
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Figure 28. Density of Nitzschia pales at stations 1, 2, 
and 3. The symbol ns indicates that no sam-
ple was available for that date. 
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Nitzschia stagnorum Rabh, var, stagnorum 
Ecology: It is an obl igate nitrogen heterotroph with a pH optimum of 
8.4 (Cholnoky, 1968). Hustedt (1957) termed it an ol igohalobe (indiffer-
ent), pH indifferent, mesoxybiont. 
Occurrence: This variety was not observed at station 1 and was un-
common at station 3, but was quite abundant at station 2 during late fall 
and winter. The maximum density was 1,2 x 104 cells/cm2 on October 14, 
and abundance comprised 13% of the diatoms present on December 5. The den-
sity dropped off rapidly in the spring, Appearance of this diatom in 
large numbers only during a period of extreme organic pol lution reinforces 
previous ecological statements, 
Rhoicosphenia curvata (Kutz.) Grun, var, curvata 
Ecology: This is a widespread species more commonly found in alka-
l ine flowing waters (alkal iphil , rheophil?) not characteristic of lower 
gradients of coastal rivers and probably should be considered an ol igo-
halobe (Patrick and Reimer, 1966), Occurring in beta- and alpha-mesosap-
robic waters (Fjerdingstadt, 1950), it is a halophil and mesosaprobe (Budde, 
1948b), Salt and current indifferent and alkal iphi lous (Foged, 1948b), it 
has an optimum pH somewhat over 8 and may be found in brackish water (Chol-
noky, 1968), Hustedt (1957) described it as an ol igohalobe, alkal iphil, 
ol igosaprobe, rheophi l , Schroeder (1939) observed a spring maximum for 
the species, 
Occurrence: This diatom was observed rarely from station 2, but oc-
curred in large numbers at stations 1 and 3 (Fig. 29). This organism was 
observed in live material as an attached form on rocks and fi lamentous al-
gae, Its absence from ditch 2 may represent an aversion to organic pol lu-
tion, 
Surirella ovata Kutz. var, ovata 
Ecology: It is both an alkal iphil and rheophil (Foged, 1954; Scheele, 
1952). Foged (1948b) found it common in waters of heavy organic pollution, 
Hustedt (1957) described it as an oligohalobe (indifferent), alkal iphil , 
euryoxybiont, and it may be found as a saprophyte. A winter maximum was 
reported for the species by Schroeder (1939) and Liebmann (1951). 
Occurrence: Small numbers were observed frequently at station 2, At 
stations 1 and 3 it appeared in much larger numbers (Fig. 30). These da-
ta indicate that S. ovata tolerated the organical ly polluted water of sta-
tion 2, but had its best development in the "cleaner" water of stations 1 
and 3, 
Synedra acus Kutz, var, acus
Ecology: A widely distributed species, it seems to prefer circumneu-
tral water with not too low conductivity. It is more often found in water 
of medium hardness (Patrick and Reimer, 1966), and Foged (1954) described 
it as an alkal iphil and l imnophil, Hustedt (1957) termed it an ol igosap-
robe, ol igohalobe, and alkl iphil, It has an optimum pH from 7.4 to 7,6 
(Cholnoky, 1968), Schroeder (1939) reported a spring maximum for the spe-
cies. 
Occurrence: This diatom was not observed in samples from station 2 
and was seen only rarely from station 1. It was observed in larger num-
bers at station 3 (Fig, 31). 
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Figure 29. Density of Rhoicosphenia curvata at stations 1 and 3. 
The symbol ns indicates that no sample was avai lable 
for that date. 
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Synedra ulna (Nitz.) Ehr, var, ulna 
Ecology: It is indifferent and euryhaline but avoids pronounced salt-
water or water of high conductivity. It prefers eutrophic water and can, 
in some cases, be denoted as a beta-mesosaprobe (Hustadt, 1937). It pre-
fers dirty water and does not tolerate strong salt concentrations (Gemein-
hardt, 1926). With an optimum pH around 7.8 (Cholnoky, 1968), it is an 
alkal iphil (Foged, 1954; Scheele, 1952), an oligosaprobe (Budde, 1930b; 
Hornung, 1959), and catharobic to beta-mesosaprobic (Fjerdingstadt, 1950). 
Schroeder (1939) reported a fall maximum for the species; Raabe (1951) re-
ported a spring and fall maximum. 
Occurrence: Synedra ulna was present in large numbers at all three 
stations but the growth patterns were different (Fig, 32). The great a-
daptabil ity of S. ulna to different habitats makes it of l ittle use as an 
ecological indicator. The populations in this study displayed great mor-
phological variabi l ity and more than one taxon may be involved. Many speci-
mens had no central area; several possessed an excentric pseudoraphe. 
General Discussion 
A consideration of characteristics and tolerance of species which sur-
vive and flourish in a given area is an admissible aim of an ecological in-
vestigation, but definitive conclusions are limited by an awareness that 
the crucial characteristics may not have been elucidated. During this study 
over 250 samples of diatoms were collected and examined microscropically. 
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Figure 32. Density of Synedra ulna at stations 1, 2, and 3, The 
symbol ns indicates that no sample was available for 
that date. 
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More than 67,000 valves were identified and a total of 175 species and va-
rieties from 28 genera were recorded in the weekly counts. Of these, 28 
had not previously been reported from Iowa. Existing knowledge of the en-
vironmental tolerances exhibited by some of these populations indicates 
that they are more or less natural inhabitants of areas such as drainage 
ditches. A few seem entirely out of place, while information concerning 
the vast majority is too scanty to permit useful conclusions. 
The section of the ditch immediately below the culvert is subjected 
to intense scouring during periods of high runoff. Existing diatom popu-
lations are washed away, yet, within a week or two after the high flow 
rate diminishes, large populations may be evident again. In such a loca-
tion there is no upstream pool of species to re-establish those washed 
away and the source of renewal is not easily determined. The diatom flora 
of the soi l and of moist areas seeping into the ditch may play a role in 
repopulating it but the number of species in such environments is distinct-
ly l imited. Muskrats, raccoons, birds, fish, insects, etc., may inadver-
tently transport l iving diatoms from other local ities but this type of ac-
tivity would lead to an erratic distribution. The rapidity of the recov-
ery by diatom populations leads one to speculate that a few individuals 
survive in place; and, when the environment becomes stable again, they 
prol iferate rapidly to repopulate the site. This explanation seems even 
more plausible when one real izes that by dividing once a day for two weeks 
one cell could give rise to more than 16,000 individuals, and in only 24 
successive cell divisions the density of diatoms can incrase from 1 cell/ 
cm to a density greater than any recorded in this study. 
Diatoms may survive high runoff periods in several ways: by remaining 
in tight crustose communities, by entanglement in the anchoring system of 
attached filamentous algae, by being buried under silt and debris, by en-
tering crevices of roots and logs, etc. 
The fol lowing 19 species comprise about g0% or more of each sample 
collected at stations 1 and 2: Achnanthes affinis, A, lanceolata, A. - - -
var, dubia, A. minutissima, Amphora oval is var, pediculus, Cocconeis pla-
centula var, euglypta, Fragilaria vaucheriae f, contorts, Gomphonema an-
qustatum, G, parvulum, Melosira varians, Meridion circulate, Navicula pel-
liculosa, Nitzschia accomodata, N, l inearis, N, pales, N, stagnorum, Rhoi-
cosphenia curvata, Surirella ousts, and Synedra ulna. As individually 
noted in the ecological section, a majority of these 19 species are rheo-
phils which have special means for maintaining their positions in a stream 
during high flow. Species of Cocconeis have flexed valves that allow them 
to l ie in close contact with the curved surfaces of rocks, aquatic vascu-
lar plants, and filamentous algae upon which they grow. Several of these 
taxa become attached to the substrate by a tough gelatinous matrix. All 
but 4 of them have at least one valve with a true raphe and these are ca-
pable of independent movment. This cannot explain long distance transport 
but is of great importance in local positioning. Many members of the genus 
Nitzschia, for instance, have a remarkable ability to emerge from sand and 
si lt once they are buried. 
Those species occurring at station 2 are exposed to intense organic 
pollution during some parts of the year. Three of the 19 species l isted 
above become abundant only at station 2 and are, therefore, either depen-
dent upon or stimulated by high levels of organic nutrients. These three 
species are Achnanthes lanceolata var, dubia, Nitzschia accomodata, and N. 
stagnorum. 
Ten of the 19 species are common at some time at both stations 1 and 
2. A dominant species is defined here as one comprising 5% or more of the 
population. These ten should be considered as being tolerant of organic 
pollution but not dependent on it. They include the following: Achnanthes 
lanceolata, Cocconeis placentula var, euglypta, Fragilaria vaucheriae f 
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contorts, Gomphonema angustatum, G, parvulum, Meridion circulare, Nitzschia 
pales, and Synedra ulna, Some species such as Meridion circulare exist in 
reduced numbers during unfavorable conditions but are not eliminated from 
the habitat, 
The fol lowing eight species occur in large numbers at station 1 but 
not at station 2 which may indicate a lack of tolerance for organic pollu-
tion: Achnanthes affinis, A, minutissima, Amphora oval is var, pediculus, 
Melosira varians, Navicula pell iculosa, Nitzschia l inearis, Rhoicosphenia 
curvata, and Surirel la ousts, Station 3 was not included in these compari-
sons since it has some of the aspects of both stations 1 and 2 and receives 
diatoms washing down from them, 
During the spring of 1970 I found several species in the Styrofoam 
collections that I had not observed previously, Many of these rare species 
had partially eroded valves that were broken or cracked, One especial ly 
unusual specimen was a broken valve of Melosira canadensis Hust, which Van 
Landingham (1964) considered a fossi l indicator, Such forms are less com-
mon in samples from this station col lected on glass sl ides and it is possi-
ble that the nature of the surface of Styrofoam makes the collection of 
empty frustules and fossils more l ikely, Such observations lead me to be-
l ieve that some of the rarer taxa may be of fossil origin. The drained 
lakes and ponds of the drainage district probably hold a rich supply of 
fossil diatoms that may wash into the tiles and eventual ly into the ditches. 
In another context these old lake beds may even be a source of l ive speci-
mens in the spring when they retain water temporarily, al lowing the devel-
opment of many components of an algal flora, 
The chemical data suggest that al l of the so-cal led macronutrients 
are present in abundance and thus do not seem to be l imiting the growth of 
diatoms, Micronutrients were not measured in this study but they could 
well have become l imiting in various ways such as di lution, absorption, or 
through chelation at certain times of the year, 
The diatom community is constantly being grazed by protozoans, snai ls, 
insects, minnows, etc., and, during certain periods, the effects of grazing 
were quite noticeable, In particular, caddisfly larvae and snails appeared 
in great numbers on the diatometers during the spring, and one could fre-
quently observe areas on the sl ides that had been partially stripped of 
diatoms and other attached algae. 
Competition for space and l ight is probably of major importance in l i-
miting the abundance of diatoms, particularly during periods of dense 
growth. When diatoms are most abundant, every object in the ditch includ-
ing rocks, sticks, and the diatometer itself is covered with a thick coat-
ing of diatoms, During such periods diatoms are even seen growing epiphy-
tical ly on other diatoms. Those individuals at the center of such gelati-
nous communities are shaded by their neighbors above them to such an ex-
tent that l ight might become a l imiting factor in very dense growths. It 
is not known how rapidly nutrients can diffuse through the gelatinous ma-
trix of such colonies, but it is conceivable that nutrients could be a l i-
miting factor at the center of the community, Diatoms l iving at the outer 
surfaces of such communities are more exposed to grazers and current, both 
of which may help decrease the total number of cells in such populations. 
The community living on the sandy bottom is l imited to a great extent 
by current. During periods of rapid flow it is sparsely populated, but as 
the flow slows down, dense benthic communities develop, particularly in the 
fall, They are seldom dense enough, however, to indicate a competition for 
light or space. Since the sand and silt particles are not a very suitable 
substrate for attachment and this community is composed largely of strictly 
motile forms, a spreading apart laterally would be an expected response to 
potential overcrowding. 
Competition between the filamentous green alga Rhizoclonium and dia-
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toms was noted in the summer at station 3. A mat of this green alga 5 to 
10 cm thick completely covered the surface of the water at this station 
from August through September of 1968, Diatom communities under the mat 
vanished whi le similar communities were thriving in sections of the ditch 
free of this blanket of green algae. The Rhizoclonium however, provided 
a new habitat and as was discussed in the ecological section, epiphytes 
such as Cocconeis flourished. 
ACKNOWLEDGEMENTS 
I wish to express my sincere gratitude to Dr. John D. Dodd for guid-
ance and encouragement throughout the course of this investigation. I am 
also indebted to Dr. Ruth Patrick and Dr. Charles Reimer of the Academy of 
Natural Sciences, Philadelphia, for training, assistance, and advice in the 
areas of diatom taxonomy and ecology, as wel l as for permission to use the 
facil ities of that institution on several occasions. 
REFERENCES 
Blum, J, L. 1954. Two winter diatom communities of Michigan streams. 
Michigan Acad, Sci „ Arts, and Letters 39: 3-7. 
1957. An ecological study of the algae of the Sal ine River. 
Hydrobiologia 9: 361-405. 
Budde, H. 1930a. Die mesohalobion and halobion Diatomeen der Lippe in 
Westfalen, Be r, der Deutschen Bot. Ges. 48: 415-419. 
193ob. Die Algenflora der Ruhr. Arch, Hydrobiol. 21: 559-648. 
1931. Der Algenflora der Westfal ischen Sal inen and Salzgewas-
ser. Part I. Arch. Hydrobiol, 23: 462-4go. 
Butcher, R. W. 1940. Studies in the ecology of rivers. IV. Observations 
on the growth and distribution of sessi le algae in the River Hull , 
Yorkshire. J. Ecol. 28: 210-233. 
1947, Studies in the ecology of rivers. IV. The algae 
of organically enriched water. J. Ecol. 35: 186-191. 
Cholnoky, B. J. 1968, Die Okologie der Diatomeen in Binnengewasser. J. 
Cramer, Germany. 
Collins, G. B. 1968. Impl ications of diatom succession in postglacial 
sediments from two sites in northern Iowa. Unpubl ished Ph,D, thesis. 
Iowa State Univ., Ames, Iowa. 
Dodd, J, D. and E. F, Stoermer. 1962. Notes on Iowa diatoms. I. An in-
teresting collection from a moss-l ichen habitat. Proc. Iowa Acad. 
Sci. 69: 83-87. 
Drum, R, 1964, Ecology of diatoms in the Des Moines River. Unpubl ished 
Ph.D. thesis. Iowa State Univ., Ames, Iowa. 
Fee, E. J. 1967, The diatoms in a small Iowa creek. Iowa State J, Sci. 
41: 393=411. 
Fjerdingstadt, E. 1950. The microflora of the River M~Slleaa. Fol ia 
Limnol. Scand, 5: 1-123. 
Foged, N, 1947a. Diatoms in water-courses in Funen, I, Stavis Aa (The 
Stavis Brook). Dansk Bot. Ark, 12(5): 1-40. 
1947b, Diatoms in water-courses in Funen. I I. Lindved Aa (The 
Lindved Brook). I I I. Odensee Aa (The Odensee Brook). Dansk Bot. 
Ark, 12(6),: 1-6g, 
1948a, Diatoms in water-courses in Funen IV. Vindinge Aa 
(The Vindinge Brook). V. Braende Aa (The Braende Brook). Dansk 
Bot. Ark. 12(g): 1-53. 
1948b. Diatoms in water-courses in Funen. VI. Conclusions and 
general remarks, Dansk Bot, Ark. 12(12): 1-112. 
1954. On the diatom flora of some Funen lakes. Fol ia Limnol. 
5$ REX L, LOWE 
Scand. No, 6: 1-75. 
Gemeinhardt, K. 1926. Die Gattung Synedra in systematischer, zytolo-
gischer, and okologischer Beziebung. Pflanzenforschung 6: 1-88. 
Granetti, B. 1968, Revisione critics di Navicula nigri i , Navicula caser-
tana, Pinnularia passerini i, Stauroneis verbania e Synedra Jul iana 
De Notaris. G. Bot. Ital. 102: 427-437, 
Gudmundson, 'B, 1968, Phytoplankton fluctuations in the Des Moines River, 
Iowa, Unpubl ished Ph.D. thesis. Iowa State Univ „ Ames, Iowa. 
Hohn, M, H, and J, Hel lerman, 1963, The taxonomy and structure of diatom 
populations from three Eastern North American rivers using three 
sampl ing methods. Amer, Microscop, Soc. Trans. 82: 250-329. 
Hornung, H. 1959. Floristisch-okologische Untersuchungen an der Echaz 
unter besonderer Berucksichtigung der Verunreinigung dutch Abwasser. 
Arch, Hydrobiologie 55: 52-126, 
Hustedt, F. 1937. Systematische and Okologische Untersuchungen uber die 
Diatomeenflora von Java, Bal i and Sumatra, systematischer Teil I, 
Arch. Hydrobiologie, Supplement-Band 15: 131-177. 
1938a, Ibid, Erste Fortsetzung. Arch. Hydrobiologie, Sup-
plement-Band 16: 187-295. 
1938b. Ibid. Al lgemeiner Tei l , Schluss. Arch, Hydrobiolo-
gie, Supplement-Band 16: 393-506, 
1956. Kieselalgen (Diatomeen), Stuttgart, Germany, Kosmos 
Ges. Naturfreunde Frankh'sche Verlagshandlung. 
1957. Die Diatomeenflora des Flusssystems der Weser im 
Gebiet der Hamsestadt Bremen. Abhandl, herausgegeben vom Naturwiss. 
Ver, Bremen 34: 181-440, 
Jorgensen, E. F. 1948, Diatom communities in some Danish lakes and ponds. 
Det Kongel ige Danske Videnskabernes Selskab Biologiske Skrifter 5(2): 
1-140. 
Kolbe, R. W, 1927, Zur Okologie, Morphologie, and Systematik der brack-
wasser Diatomeen. Pflanzenforshung 7: 1-146. 
Kolkwitz, R. 1935. Pflanzenphysiologie, Verlag von Gustav Fischer, Jena. 
  and Marsson, M. 1908. Okologie der pflanzl ichen Saprobien. 
Ber, Deutschen Bot. Ges. 26a: 505-519. 
Liebmann, H. 1951. Handbuch der Frischwasser-und Abwasserbiologie, R. 
Oldenbourg, Munchen. 
Lowe, R. L, 1970. Taxonomic and ecological analyses of diatom communities 
in drainage ditches, Unpubl ished Ph,D. thesis, Iowa State Univ , 
Ames, Iowa, 
McIntire, C. D, 1966. Some effects of current velocity on periphyton 
communities in laboratory streams, Hydrobiologica 27: 559-570, 
Niessen, H. 1956. Okologische Untersuchungen uber die Diatomeen and 
Desmidiaceen des Murnaurer Moores, Arch, Hydrobiologie 51: 281-375. 
Ohl , L. E. 1965. Diatoms of Iowa farm ponds. Unpubl ished Ph,D. thesis. 
Iowa State Univ , Ames, Iowa. 
Patrick, R., M. Hohn, and J. Wal lace, 1954. Anew method for determining 
the pattern of the diatom flora. Not. Natur. 259: 1-12. 
  and C. W, Reimer. 1966, The diatoms of the United States. 
Vol, 1. Acad, Natur, Sci. Phi ladelphia Monograph No, 13. 
Petersen, J. B. 1943. Some halobion spectra (diatoms). Det Kongelige 
Danske Videnskabernes Selskab Biol. Meddel, 17: 1-95. 
Raabe, H. 1951. Die Diatomeenflora der ostholsteinischen Fl iessgewasser 
Arch. Hydrobiologie 44: 521-638. 
Scheele, M. 1952, Systematisch-okologische Untersuchungen uber die Dia-
tomeenflora der Fulda. Arch. Hydrogiologie 46: 305-423. 
Schroeder, H, 1939. Die Algenflora der Mulde, Pflanzenforshung 21: 1-88, 
Shobe, W, R, 1967, A study of diatom communities in a hardwater stream, 
Unpubl ished Ph.D. thesis. Iowa State Univ , Ames, Iowa. 
DIATOM POPULATION DYNAMICS 59 
Shobe, W. R., E. F, Stoermer, and J. D. Dodd. 1963. Notes on Iowa dia-
toms IV. The diatoms in a northwest Iowa fen. Proc. Iowa Acad. Sci. 
70: 71-74. 
Simonsen, R. 1962. Untersuchungen zur Systematik and Okologie der west-
l ichen Ostsee. Arch. Hydrobiologie 35: 267-285. 
Stoermer, E. F. 1963. Post-Pleistocene diatoms from Lake West Okoboji , 
Iowa, Iowa State Univ., Ames, Iowa. 
Strickland, J. D. H, and T. R. Parsons. 1948. A practical handbook of 
seawater analysis, Bull. Fisheries Res. Board Canada No. 167: g-10. 
Thienemann, A. 1939. Grundzuge einer al lgemeinen Okologie. Arch, Hydro-
biologie 35: 267-285. 
Van Der Werff, A. 1955. Anew method of concentrating and cleaning dia-
toms and other organisms. Int. Ass. Theoret. Appl. Limnol. 12:276-
2 77. 
Van Landingham, S. L. 1964, Miocene non-marine diatoms from the Yakima 
region of south central Washington. Nova Hedwigia Beih, 14: 1-78. 
Wal lace, J. H, and R, Patrick. 1950, A consideration of Gomphonema 
parvulum Kutz. Butler Univ, Bot, Stud, g: 227-234, 
Whitford, L. A. 1956. Communities of algae in springs and spring streams 
of Florida, Ecology 37: 433-442. 

Vol. 47, No. 1 
IOWA STATE JOURNAL OF RESEARCH 
August 1972 pp. 61-69 
RELATION OF PRECOOKING METHOD AND LENGTH OF 
STORAGE AT 0°F TO QUALITY OF TURKEY ROASTSI
Marilyn Brodine Gol ightly and Agnes Frances Carl ing 
Department of Food and Nutrition 
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. Turkey roasts were made from breast and thigh meat of half a 
turkey wrapped in skin. Roasts were precooked by one of three methods to 
an internal temperature of 160°F. Fresh roasts (5.5 lb) required 20 min-
utes per pound to cook in fibrous casings in water at 190oF or 24 minutes 
per pound to dry-roast in an oven at 350°F, but frozen roasts wrapped in 
parchment plus foi l required 42 minutes per pound to cook at 450°F. Total 
cooking losses were approximately 27% for all roasts, regardless of cook-
ing method or initial temperature. 
At each storage period, the l ight and dark meat from the roasts were 
evaluated cold and also after reheating in foil to 130° F at 450° F. After 
storage at 0°F for 2 weeks, 3.5 months or 7 months, precooking methods had 
no effect on flavor, juiciness or tenderness and moisture or fat content 
of l ight and dark turkey meat in the turkey roasts. Analysis of variance 
revealed that flavor of turkey roasts was affected significantly (P< 0.01) 
by length of storage. As the length of storage at 0°F increased from two 
weeks to seven months, the flavor scores decreased from 6.5 to 5.3 for the 
hot or cold l ight meat and from 7.3 to 6.5 for the hot or cold dark meat. 
Even after storage for seven months, off-flavor was negl igible; i.e., less 
than one on a 0-10 point intensity scale. Light meat was more tender and 
higher in moisture content than was dark meat, but dark meat was more fla-
vorful , juicier and higher in fat content than was l ight meat. Meat eval-
uated cold was juicier and higher in moisture content, but lower in fat 
content than was reheated meat. 
INTRODUCTION 
There is an increasing demand for convenience foods such as completely 
cooked frozen turkey roasts that can be served cold or reheated and served 
hot. Some of the economic and organoleptic problems associated with pre-
1Journal Paper No. J-7210 of the Iowa Agriculture and Home Economics Exper-
iment Station, Ames, Iowa. Project No. 1846, contributing project to North 
Central Marketing-46, "Improved Processing and Utilization of Poultry Prod-
ucts." The data are from a M.S, thesis entitled "Factors Affecting the 
Qual ity of Frozen Whole Turkeys and Precooked Turkey Rolls" by Marilyn 
Brodine. 
2Graduate Student and Professor, respectively, Department of Food and Nu-
trition, Iowa State University, Ames, Iowa 50010, 
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cooked turkey roasts must be solved if demands by consumers and institu-
tional food services are to be maintained or increased. 
The effect of precooking and storage at 0°F on the qual ity of turkey 
roasts has been investigated by Martinsen and Carl in (1), Vel icer (2) and 
Cash and Carl in (3) in our laboratory. Their procedure for preparation of 
the turkey roasts was similar to that used in our present study. Martin-
sen and Carl in (1) precooked 4,5-1b turkey roasts to 160°F with or without 
foil and at oven temperatures of 225° , 350° or 450°F. After storage of 
the cooked roasts for two weeks, two months or seven months at 0°F, thawed 
roasts were reheated at 350° to 130°F for subjective evaluation, Results 
indicated that oven temperature or use of foil did not affect the flavor, 
juiciness or tenderness of the l ight or dark meat in the roasts, Al l of 
the investigators (1, 2 and 3) observed that flavor scores for the dark 
and l ight meat from precooked turkey roasts decreased as the length of 
storage at 0°F increased. Martinsen and Carl in (1) and Vel icer (2) noted 
only sl ight off-flavor scores for roasts precooked to 160°F and stored at 
0°F for six or seven months. Cash and Carl in (3) reported that roasts pre-
cooked to 130°F developed more off-flavor during 11 months storage at 0°F 
than did those precooked to 150° or 170°F, 
This study was conducted to investigate the effect of three methods 
of precooking turkey roasts on (1) precooking time, (2) precooking losses 
and (3) eating qual ity of precooked roasts stored at 0°F for three periods 
of time. 
EXPERIMENTAL PROCEDURE 
The 18 tom turkeys (20.3 lb) used to prepare the 36 turkey roasts 
were obtained from a flock of six-month-old Keithly White Turkeys raised 
on the Iowa State University Poultry Farm. Dressed turkeys were chil led 
and aged for 22 hours in slush ice. Then, the skin, breast and thigh meat 
were removed, 
Each roast contained two-thirds breast meat and one-third thigh meat, 
A mixture (3:1:1 dry weight) of NaCI , sugar and gelatin was sprinkled uni-
formly on the muscles at a rate of 27 g per ki logram of meat, An alumi-
num loaf pan (g 5/8 x 5 1/2 x 2 3/4 in) was used as a mold, and each roast 
was wrapped in skin and tied with strings. Average weight of the roasts 
was 5.5 lb. 
A spl it-plot design with four repl ications was used for this study. 
The main plot consisted of the three precooking methods by the three stor-
age periods of two weeks, three and a half months or seven months. Al l 
roasts were precooked to an internal temperature of 160°F either by (1) 
roasting at 350°F (control), (2) cooking in fibrous casing in water at 
190°F, or (3) cooking in parchment plus foi l in ovens at 450°F. The sub-
plot was kind of meat (light or dark) by temperature of meat (served cold 
or after reheating to 130°F), Four roasts from each precooking treatment 
were randomly assigned to each storage period. One day was required to 
complete one repl ication for each storage period, Analysis of variance 
and Duncan's multiple-range test of means were used to determine signifi-
cance of the differences in the variables tested, 
On each of three successive days, turkey roasts were cooked by use of 
one of the three methods, Of the 24 roasts made the first day, 12 were 
packaged in moistureproof fibrous casings and cooked immediately in water 
at 190° to 160°F. The remaining 12 roasts to be cooked the next day were 
inadvertently stored overnight in a walk-in freezer (-22°F) instead of in a 
walk-in refrigerator (34°F), Thus, the frozen roasts were wrapped with 
parchment plus aluminum foil (0,0015 gauge) and cooked from the frozen 
state at 450°F, When the internal temperature of each roast reached 145°F, 
the foi l and parchment were turned back, and the exposed top of the roast 
was browned during the remainder of the. cooking period, approximately half 
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an hour. On the third day, the 12 control roasts were made, Then they 
were dry-roasted (uncovered, on broi ler racks and pans) to 160°F in ovens 
at 350°F. 
The internal temperature measured in the geometric center of each tur-
key roast was recorded every 16 minutes for fresh roasts cooked in water, 
every 15 minutes for dry-roasted roasts and every 30 minutes for frozen 
roasts cooked in parchment plus foi l , 
After cooking, roasts precooked in water were packaged in heat-shrink-
able, polyvinyl idine chloride bags, but the roasts cooked in foil or dry-
roasted were packaged in polyethylene bags. Roasts and drippings were 
frozen at -22°F for 36 to 72 hours, then transferred to a walk-in freezer 
for storage at 0°F. 
On each of the four testing days at each storage period, three pre-
cooked turkey roasts, one from each of the three precooking treatments, 
were evaluated. Before evaluation, al l roasts were thawed overnight in a 
refrigerator, seven hours in a constant-temperature room (72°F) to approxi-
mately 35
° F and then stored overnight in a refrigerator. Each thawed roast 
was cut crosswise. Then three-fifths of each roll and adhering drippings 
(2.6 lb) were reheated in foil to 130° at 450°F. The remaining two-fifths 
(1.4 lb) were not reheated (Fig. 1). At noon, seven trained judges evalu-
ated the eating qual ity of hot samples of l ight and of dark meat from the 
reheated turkey roast. At 5:00 PM the same judges scored the sl ices of 
l ight and of dark meat from the cold roast. 
Figure 1. Precooked turkey roasts stored at 0°F: left, re-
heated three-fifths portion (2.6 lb) evaluated 
hot; right, thawed two-fifths portion (1.4 lb) 
evaluated cold. 
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Samples were scored for intensity of flavor, off-flavor, juiciness, 
and tenderness on a 0-to-10 scale (1, just perceptible; 10, extreme). 
Judging was done in booths il luminated with red fluorescent l ights. Each 
day, a given judge received sl ices of meat from the same anatomical posi-
tion in the three turkey roasts. But the order of serving was rotated sys-
tematical ly so that a judge eventual ly evaluated sl ices of meat from every 
position in the turkey roasts, 
Light and dark meat samples for moisture and fat determinations were 
removed from the cold and the reheated portions of each roast, After the 
meat was ground, samples were placed in plastic bags, then into glass jars 
and held at -10°F for one to one and a half months. Moisture determinations 
were made on thawed samples in a Brabender Semiautomatic Moisture Tester, 
The procedure described by Cash and Carl in (3) was used. The dried samples 
were used for fat (ether-extractable material) analyses made on a Goldfisch 
apparatus with petroleum ether (bp 102° to 123° F), Duplicate tests were 
made for both moisture and fat analyses. 
RESULTS AND DISCUSSION 
Rate of Temperature Rise 
Average time required for precooking the turkey roasts to the final 
internal temperature of 160° F was affected significantly by precooking 
method and temperature of the roasts at the start of cooking, Fresh roasts 
(initial temperature 60°F) required 24 minutes per pound to roast at 350°F 
or 20 minutes per pound to cook in water at 190° F, but frozen roasts (ini-
tial temperature 6°F) wrapped in parchment plus foi l required 42 minutes 
per pound to cook at 450° F (Table 1). Although the initial temperatures of 
the fresh roasts were similar, cooking time for roasts cooked at 350°F was 
significantly higher (P~ 0.01) than that for roasts cooked in water at 190°F. 
Vel icer (2) reported that the 5.2-pound turkey roasts made with a com-
bination of l ight and dark meat (initial temperature 52° F) roasted in parch-
ment plus foil at 450° to 145°F and then cooked uncovered to 160° F required 
26 minutes per pound or 136 minutes total cooking time. 
Examination of the data i l lustrated in Fig, 2 reveals that roasts with-
out parchment and foil)cooked at 350° F required 134 minutes to heat from 60° 
to 160° F, But frozen roasts (in parchment plus foi l) cooked at 450° F re-
quired 130 minutes to heat from 6 to 60° F and only 94 minutes to heat from 
60° to 160° F. Rate of heat penetration was quite different for the three 
methods of cooking, The rise in degrees F per minute between 60° and 160°F 
was 1,07 for frozen roasts wrapped in parchment plus foi l and cooked at 
450° F, 0.93 for roasts cooked in water at 190° F, and only 0,74 for roasts 
roasted at 350° F. 
Table 1. Averagel cooking time for turkey roasts pre-
cooked by three methods to a final internal 
temperature of 160°F, 
Precooking Initial Raw Cooking time 
method temperature weight total min/lb 
(°F) (1 b) (min) (min) 
350°F oven 60 5,6 134 24 
190°F water 61 5.5 107 20 
450°F oven 6 5.4 224 42 
lAverage of 12 turkey roasts 
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Figure 2. Average rise in temperature during precooking of turkey 
roasts. 
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Average total cooking losses were similar for al l roasts cooked to 
160°F regardless of cooking method, Fresh roasts cooked at 350° F had 26% 
cooking losses compared with 27% when cooked in water at 190°F, Frozen 
roasts wrapped in foil and cooked at 450°F had cooking losses of 28%, 
Reheating Time 
The three-fifths portions (2,6 lb) from thawed, precooked roasts were 
reheated in foil at 450° to 130°F, Precooking method or length of storage 
at 0° F did not affect the time required for the roast to heat from 42° to 
130° F. Average total reheating time was 81 minutes or 31 minutes per pound. 
Rate of heat penetration durin~ reheating the 2.6-pound portion of pre-
cooked roast (in foil) was 1,3 F per minute between 50° and 13OoF, Vel icer 
(2) reported a total time of 82 minutes was required for reheating a 2,4-
pound portion of precooked turkey roast, 
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Color 
Three judges evaluated the appearance of thawed roasts and of reheated 
portions, The skin of roasts dry-roasted at 350°F was browner and crisper 
than the skin of roasts cooked in foil at 450°F, In contrast, the skin of 
roasts cooked in water at 190°F was pale and soft. Appearance of the meat 
under the skin in roasts cooked in the oven at 350°F was similar to that of 
meat in roasts precooked in waterproof casings or in foil, 
Flavor 
At each storage period, the flavor of turkey meat was similar whether 
roasts were precooked in water at 190°F, in the oven at 350°F, or in foi l 
in ovens at 450°F, Flavor of al l reheated or cold precooked turkey roasts 
decreased significantly (Pc 0.01) as storage time at 0° F increased from 
two weeks to seven months, After storage for seven months, the range of 
average flavor scores for both the reheated and the cold samples of l ight 
and dark meat from precooked frozen turkey roasts was 5.3 to 6.5 (Fig, 3), 
The decrease in flavor of reheated meat was l inear, but most of the de-
crease in flavor of cold meat occurred between two weeks and three and a 
half months of storage, Vel icer (2) also observed approximately a one-
point decrease in the flavor of precooked turkey roasts between two weeks 
and six months of storage. 
No practical difference in flavor was detected between reheated or 
cold l ight or dark turkey meat in the roasts, But at each storage period, 
dark meat had significantly (P< 0.01) more flavor than did l ight meat, 
Vel icer (2) also reported that flavor scores for dark meat from precooked, 
turkey roasts were approximately one point higher than those for l ight 
meat. 
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Off -Flavor 
Off-flavor scores for al l turkey meat were very low (one point or 
less) and were similar for reheated or cold meat from roasts precooked by 
the three methods. Average off-flavor scores for roasts stored at 0°F 
for seven months were approximately three-tenths of a point higher than 
the scores for those stored for two weeks. Thus, data in our study sup-
port the observations of Martinsen and Carl in (1), Vel icer (2), and Cash 
and Carl in (3) that as length of storage at OoF increases to six, seven, 
or nine months, the flavor of precooked turkey roasts becomes less intense 
and off-flavor is sl ight. 
Juiciness 
Dark meat was always juicier than l ight meat regardless of precooking 
treatment or length of storage at 0°F (Table 2). Juiciness of precooked 
turkey roasts decreased significantly (P< 0.01) as storage time at 0° F in-
creased from two weeks to seven months. After storage for seven months, 
average juiciness scores for l ight meat were 3.6 for hot samples and 4,6 
for cold samples; whereas, juiciness scores for dark meat were 4,8 for hot 
samples and 5,2 for cold samples. Reheating the roasts to 130°F signifi-
cantly (P< 0.01) reduced the juiciness of al l turkey meat, But the juici-
ness of l ight meat was reduced more by reheating than the juiciness of 
dark meat, Vel icer (2) also found that juiciness of meat from precooked 
roasts decreased as duration of storage at 0°F increased; also, juiciness 
decreased with reheating. 
Table 2, Averagel scores for juiciness and tenderness of re-
heated or cold samples of l ight and of dark meat 
from turkey roasts precooked by three methods to 
160° F and stored at 0° F, 
Storage 
time 
Light meat 
Reheated Cold 
Juiciness 
2 weeks 4,2 5.3 
3.5 months 4,1 4.9 
7 months 3.6 4,6 
Tenderness 
2 weeks 8.0 7.8 
3.5 months 8.5 8.4 
7 months 8.4 8.4 
Dark meat 
Reheated Cold 
5.5 
5.2 
4.8 
6.9 
7.9 
7.6 
5.6 
5.4 
5.2 
6,$ 
7.5 
7.8 
l Average of 84 judgments (seven judges, four repl ications 
and three treatments). 
Tenderness 
Temperature of the meat when served had no practical effect on ten-
derness scores. Light meat from the precooked turkey roasts was signifi-
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cantly (P< 0.01) more tender than was dark meat (Table 2), Tenderness of 
precooked turkey roasts increased significantly (P< 0,01) as storage time 
at 0° F increased from two weeks to seven months, The greatest increase 
in tenderness occurred between two weeks and three and a half months of 
storage. Vel icer (2) also reported that tenderness of precooked roasts 
increased more between two weeks and four months of storage than between 
four and six months. In summary the effect of storage for seven months 
at 0°F on precooked turkey roasts was a decrease in turkey flavor and 
juiciness, but an increase in tenderness in both the l ight and dark meat, 
Off-flavor scores averaged less than one or "just perceptible," The three 
methods of precooking did not have a significant effect on the eating 
qual ity, 
Moisture 
Moisture content of l ight meat from precooked turkey roasts stored 
at 0°F ranged from 65 to 69%; whereas, dark meat ranged from 61 to 66% 
(Table 3), Moisture content of precooked turkey roasts stored at 0°F was 
not affected significantly by the three precooking methods used, Pre-
cooked turkey roasts evaluated without reheating were higher in moisture 
than were reheated roasts. Increases in moisture content were not re-
lated to juiciness; dark meat had lower moisture content but was judged 
juicier than l ight meat; and reheated meat had both lower moisture con-
tent and sl ightly lower juiciness scores than cold meat, 
Fa t 
Average fat content (ether-extractable material) was approximately 
1.5% for either the reheated or the cold l ight meat and 5,0% for the re-
heated and 4,0% for the cold dark meat (Table 3). Fat content was af-
fected significantly (P < 0,01) by type of meat and reheating but not by 
methods used for precooking the turkey roasts or length of storage at 0°F, 
Table 3. Averagel moisture and fat content of reheated or 
cold samples of l ight and of dark meat from turkey 
roasts precooked by three methods to 160°F and 
stored at 0°F. 
Storage 
time 
Liqht meat Dark meat 
Reheated Cold Reheated Cold 
Moisture 
2 weeks 65 66 61 64 
3.5 months 66 69 62 66 
7 months 66 68 62 65 
Fat 
2 weeks 1.4 1.5 5.2 4.5 
3.5 months 1.3 1.2 5.0 3.8 
7 months 1,7 1.4 5.3 3.7 
lAverage of 24 analyses (dupl icate samples, four repl i-
cations and three treatments). 
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NEW TAXA OF HIEROCHLOE, PARIANA, AND TRIPLASIS FROM COSTA RICA1
Richard W. Pohl 
Department of Botany and Plant Pathology 
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. Hierochloe davidsei Pohl , Pariana parvispica Pohl , and Triplasis 
purpurea (Walt.)Chapm, Var, caribensis Pohl are described. Chromosome 
number of H, davidsei is n = 28, that of P, parvispica is n = 11 (first 
generic count), and that of T, purpurea var, caribensis is n = 20. 
The species herein described are based upon col lections made in Cos-
ta Rica during 1968 and 1968. The genera Hierochloe and Triplasis have not 
previously been recorded from Costa Rica. 
Hierochloe davidsei Pohl , sp, nov. 
Gramen perenne rhizomatosum; culmi erecti simpl ices glabri 30--60 cm 
longi; foliorum vaginae glabrae vel retrorsus pilosae; l igulae 1.5--5 mm 
longae, facie exteriore retrorsus pilosae; fol iorum laminae 6--15 cm lon-
gae, 5--8 mm late, 11--12-p10 longiores quam late; panicula anguste cyl in-
dracea 3--11 cm Tonga; spicularum pedicel l i fere glabri; spiculae 5.5--6.5 
mm longae; glumae membranaceae ovatae acutae, primates 4--4.5 mm Tonga 1-
nervia, secunda 5.5--6.5 mm Tonga 3-nerves; floscul i 2 inferiores steri les 
+ 5 mm longi, paleis et floribus destitute , arista floscul i primari i recta 
1 mm longs, floscul i secundi geniculata 4--5,5 mm Tonga, de latere breviter 
exserta, ad lemmatis basin affixa; lemma fertile 3 mm longum membranaceum 
glabrum, spice obtusum cucul latum; arista nul ls vel brevissima; pales lem-
ma aequans; antherae 2, + 1.5 mm longae luteae; chromosomatum Humerus n = 
28. 
Hierochloe mexicanae simi l es, sed l igul is valde pilosis, fol iorum la-
minis brevioribus et latioribus, floscul is inferioribus semper steril ibus, 
aristis antherisque brevioribus abhorrens. 
Rhizomatous perennial ; culms erect, 30--60 cm tal l , unbranched, gla-
brous, hol low, 2--3 mm thick, arising singly or in small clumps from slen-
der rhizomes; the rhizomes up to 9 cm long, often giving rise to leafy in-
novations; leaves 5--7 per culm; lower sheaths short and overlapping, the 
upper one or two much shorter than the internode, strongly ribbed, glabrous 
or occasionally retrorsely pilose, especial ly near the apex; l igules 1.5--
1Journal paper No. J-7214 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa, Project 1833. Field work was supported by 
N.S.F. Grant 7307. The facil ities of the Iowa State Herbarium, supported 
by the Science and Humanities Research Institute, were used in the prepa-
ration of this paper. The Latin descriptions were revised by Mr. Rupert 
Barneby of the New York Botanical Garden. 
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Figure 1. Hierochloe davidsei, A. Habit, B. Spikelet. 
C. Sterile and fertile florets. Scale l ine is 
1 mm long. From Pohl & Davidse 11004, 
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5 mm long, the upper ones longer than the lower, whitish, membranaceous, 
densely retrorsely pilose on the outer surface, truncate; leaf blades 5--
8 mm wide, 6--15 cm long, the midculm blades largest, all rather blunt, 
pilose above; peduncle 10--15 cm long, slender, erect, glabrous; inflores-
cence a single narrowly cyl indrical terminal panicle, sometimes sl ightly 
lobulate below, 3--11 cm long, the branches erect; pedicels 1--3 mm long, 
sl ightly pilose; spikelets 5.5--6,5 mm long, ovate, laterally compressed, 
brownish; glumes thin and membranaceous, ovate, acute, overlapping, the 
first 4--4,5 mm long, 1-nerved, the second 5.5--6.5 mm, 3-nerved; florets 
3; lower 2 florets sterile, lacking flower and pales, both about 5 mm long; 
sterile lemmas 5-nerved, brownish, cil iate; first lemma with a short 
straight awn borne ca 1 mm below the lobed apex and reaching to the tip; 
second lemma similar, but bearing a bent awn attached sl ightly below the 
middle of the lemma, below a lobed apex; awn 4--5.5 mm long, twisted be-
low, exserted laterally from the glumes 1--2 mm; fertile lemma 3 mm long, 
thin and membranaceous, glabrous, 5-nerved, blunt, cucullate, awnless, or 
with a short straight awn, bifid at the apex; pales about equal , oblong, 
acute; anthers 2, ca 1.5 mm long, yellow; lodicules minute, evidently func-
tionless, Chromosome number n = 28, determined from microsporocytes of 
Pohl & Davidse 11004. Type: Costa Rica: Prov, de San Jose: Paramo along 
Carretera Interamericana at Km 86; elev. 3030 m, August 23, 1968; Pohl & 
Davidse 11004. Holotype in ISC; isotypes in US, F, CR. 
This species is simi lar to H, mexicana (Rupr.) Benth., from which it 
differs in the following characteristics: 
Character H, davidsei H, mexicana 
leaf blade L/W ratio 11/1--12/1 20/1--30/1 
l igule very pilose glabrous 
lower 2 florets without flower often with flower 
and pales and pales 
anther length 1.5 mm 4 mm 
In having sterile lower florets, this species resembles species of 
Anthoxanthum. The latter genus, however, has a basic chromosome number of 
10, and the spikelets have very unequal glumes. Hierochloe davidsei has a 
basic chromosome number of x_ = 7 (n = 28) and subequal glumes. Certain 
Hierochloe  specimens from Guatemala approach the Costa Rican species, but 
have anthers 2.5--3 mm long and are probably best assigned to'H, mexicana 
on other characters named, 
The species is names for Gerrit Davidse, who discovered the plants. 
It is known only from the type local ity but is to be looked for elsewhere 
on the Cerro de la Muerte and the high southern peaks of the Cordi llera de 
Talamanca. 
Pariana parvispica Pohl, sp, nov, 
Gramen perenne rhizomatosum; culmi steriles ad apicem foliati, lami-
nis 6--13, 9--13 cm longis, 2--3 cm latis; setae auricularum conspicuae; 
culmi fertiles plerumque ex humo adscendentes aphyll i sed vaginis 2--3 nu-
dis obsiti ; inflorescentia a segmentis pluribus cyl indraceis composita, 
quoque segmento verticill ium spicularum 5 d ~erente; pedicelli spicularum 
d complanati ± 8 mm longi , 4 binati et unicus separatus; spiculae d par-
vae; glumae obtusae + 1 mm longae; lemma 1.5 mm longum; lodiculae 2 spatu-
latae; stamina 2, filamentis succulentis brevibus; spicula ~ sol itaria 8 
mm Tonga, in spicularum d vertici llo occults; glumae spiculae ~ herbaceae 
1-nerviae; lemma et pales coriaceae aequales glabrae; chromosomatum Hu-
merus n = 11. 
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Figure 2. Pariana parvispica, A, Habit. B. Inflorescence. 
C. Flattened pedicel bearing two staminate spikelets 
with three glumes, D, Pistillate spikelet, Scale 
l ine is 1 mm long. Drawing is a composite of Pohl
& Davidse 11646 and Davidse 1410. 
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Perennial ; rhizomatous, but the culms arising in clumps of few to 
many from one crown; sterile culms unbranched, arching, 35--50 cm tall , 
1--2 mm thick, hollow; glabrous except for a single l ine of puberulence 
directly below the opening of the next sheath above; nodes densely puberu-
lent with spreading trichomes; lower internodes 6--11 cm long, bearing 
bladeless sheaths or small leaf blades, the sheath about one-third as long 
as the internode; fol iage leaves grouped near the tips of the culms; 
crowded, with overlapping sheaths, the upper internodes 1--2 cm long, the 
blades forming a flat spray, simulating a palm leaf; leaves bearing blades 
usually 6--13 per culm, their sheaths overlapping, glabrous as a whole but 
more or less puberulent along the margins near the apex; l igule minute, 
0,2--0,3 mm long, membranous, minutely cil iolate; blades of upper leaves 
9--13 cm long, 2--3 cm wide, glabrous; pseudopetiole 1--2 mm long, puberu-
lent on its upper surface; auricles prominent, bearing abundant stiff dark 
bristles 6--12 mm long; inflorescences normal ly absent from leaf-bearing 
stems, but present on Davidse 1410, which bears basal aphyllous inflores-
cences and some apical ones on leafy culms. 
Inflorescence a thick, club-shaped spicate structure (tame), usual ly 
arising directly from the soil, the peduncle bearing 2--3 bladeless sheaths, 
the uppermost subtending the inflorescence. Rame composed of several cy-
lindrical segments ca 9 mm long; each internode bearing at its base a 
whorl of three erect flattened, cartilaginous pedicels, puberulent on their 
outer faces; pedicels overlapping and forming a continuous sheath around 
the thin, flattened rachis, nearly as long as the internode; two of the 
pedicels bearing paired staminate spikelets at their apex, the third with 
a single staminate spikelet. Each of the two sets of paired spikelets has 
only three glumes, two being placed at the free margins of the flat pedi-
cel, the third between the two spikelets. Sol itary spikelet simi lar to the 
paired ones, but with 2 equal glumes, staminate spikelets consisting of 
the blunt, oblong, stiff, ci l iate glumes, ca 1 mm long, standing external 
to a single floret; staminate floret dorsal ly compressed, awnless, oblong, 
ca 1.5 mm long, lemma puberulent, carti laginous, very broad, facing out-
ward, its margins inrolled around the edges of the pales; pales smooth, 
stiffish, 2-nerved its margins inrol led; flower with two broadly spatulate 
lodicules, thickened above, ca 1 mm long; stamens 2, on thick, fleshy short 
filaments; anthers sl ightly exserted through the tip of the floret at an-
thesis; pollen normal. 
Pisti l late spikelet single at each node, completely concealed by the 
whorl of flattened pedicels, only the stigmas visible external ly, ca 8 mm 
long, dorsally compressed, oval in cross section; glumes oblong, herbaceous, 
1-nerved, enveloping the floret, glabrous except for the cil iolate margins; 
lemma and pales coriaceous, equal , tapering to a narrow herbaceous point; 
lemma very broad, its margins covering the edges of the pales, glabrous; 
lodicules 3, flat, vasculated, ca 1--1.5 mm long, bearing at their tips 
microhairs with 1, 2, or 3 cel ls; ovary slender, bottle-shaped, tapering 
into a stiff style; stigmas 2, short, rather sparsely hairy, extruded 
through the herbaceous tips of the lemma and pales and emerging from the 
whorl of pedicels at their apices. 
The terminal segment of the tame tapers to a point. It consists of 
3 steri le flattened overlapping pedicels enveloping a single pisti l late 
spikelet terminal on the end of the rachis: 
Chromosome number n = 11, from microsporocytes of Pohl ~ Davidse 
11646. Type: Costa Rica: Prov, de Limon: Siquirres; in and around rain 
forest behind the Colegio; in dense shade and on forest margins. Pohl & 
bavidse 11646. Elev, ca 100 m, Jan. 8, 1968. Holotype in ISC; isotypes 
in F, US, CR. 
Other specimens seen: Costa Rica: Prov, de Limon: 7 km n,w, of 
Puerto Viejo in lowland rain forest; elev, ca 100 m Dec, 27, 1968. Davidse 
1410. (ISC). 
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Rain forests, lowland Atlantic slope areas. This is the species re-
ported by Standtey, Flora of Costa Rica 85 (1937) as P, zingiberina Doell, 
a South American species, on the basis of steri le material , Blooming oc-
curs in nature apparently only during the short-day season, probably from 
December to February, In the greenhouse, blooming is more or less con-
stant, 
This is the most northerly species of the genus Pariana, It differs 
from all of the species of the genus described by Tutin (1936) in his Re-
vision of the genus Pariana in Jour, Linn, Soc „ Bot. 50: 337--362, and 
those described by Swallen (1940) in Jour, Washington Acad, Sci , 30: 71--
78, in the smal l size of the inflorescences and various combinations of 
stamen number, pedicel length and union, and spikelet features. It is 
difficult to assign P, parvispica to any of the sections proposed by Tutin, 
At the type local ity, the plants are abundant over a considerable area of 
undisturbed rain forest and along the margins of clearings. We have been 
able to cultivate the plants in the greenhouse, and the chromosome count 
was obtained from such cultivated plants, 
Triplasis purpurea (Walt,) Chapm, var, caribensis Pohl , var, nov, 
Gramen verosimil iter perenne, interdum breviter rhizomatosum; culmi 
60--75 cm longi , ipso basi tantum ramosi ; fol ic 17--21; laminae et vagi-
nae scabridae; inflorescentiae exsertae, terminates et e vaginis superiori-
bus ortae; panicula terminal is pauciramosa; spiculae paucae ad ramos ap-
pressae 6--8 mm longae, supra glumas et inter 2--3 flosculos discendentes; 
gluma prima 2 mm Tonga lanceolata 1-nervia apice 2-dentata; gluma secunda 
primae simil is 2,5--3mm Tonga; lemmata 3.6 mm Tonga lanceolata 3-nervia, 
nervis ci l iolatis exterioribus 2 submarginal ibus, apice bidentata, sinu + 
1 mm alto, arista minuta obsita; pales 2.7 mm Tonga extus arcuata, Carina 
ultra mediam valde cil iata; antherae 3 purpurascentes 2 mm longae; chromo-
somatum Humerus n = 20, Nodi inferiores cleistogenes ferentes; culmi ma-
turi nodis disarticulantes, 
T, purpureae (Walt,) Chapm, var, purpureae persimil is sed habitu 
perenni interdum rhizomatoso, culmis longioribus crassioribus 17--21 (nec 
6--11) fol iatis, fol i isque trichomatibus basi pustulosis destitutis absi-
mil is, 
Probably perennial; culms 60--75 cm long, branching only at the base, 
in dense tufts; short rhizomes occasional ; nodes appressed pilose to nearly 
glabrous, not prominent; leaves 17 to 21 per culm, successively shorter 
from base to apex of the culm; sheaths mostly overlapping, scabrid; l igule 
a dense ring of white hairs, 0,5--1 mm long; lower blades 10-15 cm long, 
2--4 mm wide, scabrid, the midribs not evident; uppermost blade much re-
duced, less than 1 cm long; peduncle included or exserted up to 3 cm; ex-
serted inflorescences terminal and axil lary from upper nodes; terminal 
panicle few-branched, very open with few spikelets, appressed to the 
branches; spikelets laterally compressed, 6--8 mm long, disarticulating 
above the glumes and between the florets; first glume 2 mm long, 1-nerved, 
lanceolate, bifid at the apex; second glume simi lar, 2,5--3 mm long; flo-
rets 2--3; rachi lla pi lose at the apex of the internodes; lemma 3.6 mm 
long, lanceolate, 3-nerved, the lateral nerves near the margin; lemma bifid 
about 1 mm at the tip, with a minute awn arising between the teeth; nerves 
al l finely ci l iate; pales 2,7 mm long, bowed outward, strongly cil iate on 
the upper third of the keels; anthers 3, 2 mm long, purpl ish, 
Plants producing concealed cleistogenes at most nodes and disarticu-
lating into separate internodes at maturity; cleistogenes usually one-flow-
ered, Cleistogene borne within a strongly folded rigid prophyllum and con-
sisting of single floret with del icate and nearly glabrous lemma and pales; 
rachil la prolonged behind the pales as a minute bristle; glumes lacking, 
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Figure 3. Triplasis purpurea var, caribensis, A, Habit, B, 
Spikelet and florets, C, Terminal panicle, Scale 
l ine is 1 mm long. From Pohl & Davidse 11080, 
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In some sheaths, a stiff peduncle bearing several more prophyl late cleis-
togenes occurs. No evidence of stamens can be found in the cleistogenes, 
suggesting that the production of the caryopses is apomictic, 
The plants are common on the sandy beach of the Caribbean at the Li-
mon Airport, Puerto Limn, Costa Rica, They have been seen blooming from 
July to September, but may have a much longer blooming season, 
Type: Costa Rica: Prov, de Limon: Sandy open beach, between Limon 
Airport and the Rio Banano along Caribbean Coast; elev, 2 m, Scattered 
but forming an extensive stand. Pohl & Davidse 11080, September 16, 1969. 
Holotype in ISC; isotypes in F, US, CR 
Apparently identical plants were collected at Travesia, Puerto Cortes, 
Honduras (Dickson 2017, in EA P), 
Chromosome number n = 20 from microsporocytes of Pohl & Dav~idse 
11080 (ISC), 
This variety is similar to T, purpurea, var, purpurea of the United 
States but differs in its taller and stouter culms, in the much larger 
number of leaf-bearing nodes, in the perennial habit and occasional pro-
duction of rhizomes, and in the absence of the long, pustulose-based tri-
chomes of the latter variety, 
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complexes of palladium and 
platinum 
GREEN, DENNIS ARNOLD 
Electrical Engineering 
Application of an on l ine gener-
al purpose computer to a biomed-
ical problem concerning data col-
lection, processing, and system 
control 
GREEN E, ROBERT LOUIS 
Analytical Chemistry 
Dependence of the collection ef-
ficiency of a rotating ring-disk 
electrode on velocity of elec-
trode rotation 
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GREGG, RICHARD EUGENE 
Biochemistry 
Mode of inhibition by char-
treusin in the elongation 
phase of protein biosynthesis 
GUTMANN, ROBERT LOUIS 
Electrical Engineering 
An iterative technique for 
time domain design of a digi-
tal fi lter 
HALLGREN, RICHARD CHARLES 
Biomedical Engineering 
The appl ication of induced 
currents in neuronal stimu-
lation 
HANNA, WILLIAM AZIZ 
Electrical Engineering 
Analog-to-digital conversion 
system design considerations 
HANNAMAN, GEORGE WILLIAM, JR. 
Nuclear Engineering 
Reactivity measurements based 
on the pulse neutron technique 
HANRAHAN, MICHAEL S. 
Agricultural Economics 
Optimum swine production and 
marketing strategies with l im-
ited farrowing and finishing 
space 
HANSEN, DOUGLAS RAY 
Fisheries Biology 
Effects of stream channel iza-
tion on fishes and bottom 
fauna in the Little Sioux 
River, Iowa 
HASELHOFF, DONALD ALAN 
Sanitary Engineering 
Factors affecting oxygen trans-
fer in the electrolysis BOD 
system 
HEGLAND, DAVID HAROLD 
Industrial Relations 
A study of work values as de-
terminants in vocational choice 
HEGLAND, SUSAN MAY MINTERN 
Child Development 
Visual decentering in young 
chi ldren 
HEISER, NEIL GLENN 
Wildl ife Biology 
Nest site selection by blue-
winged teal (Anas discors) in 
northwest Iowa 
HEISZLER, MARIA ELENA GUTIERREZ 
Food Technology 
Effects of smoking time and 
temperature on microorganisms 
on frankfurters 
HENNING, ROBERT ARNOLD 
Sanitary Engineering 
Stress development in compres-
sion reinforcement of beams 
HEUBROCK, ARNOLD LEO 
Agricultural Economics 
A cost analysis of anhydrous 
ammonia fertil izer retai l ing in 
North Central Iowa 
HODSON, CHARLES ANDREW 
Zoology (Physiology) 
The effect of ovarian hormones 
upon mammary gland nucleic acids 
during pregnancy 
HOGG, ALEX 
Veterinary Pathology 
Pathological and biochemical 
characteristics of traumatic 
arthritis in swine reared in 
confinement 
HOH, YING-CHU 
Chemical Engineering 
The recovery of rare earth from 
di-2-ethylhexyl phosphoric acid 
with hydrochloric acid in a mul-
tistage mixer-settler stripper 
HOLMBERG, KATHRYN M. 
Family Environment 
Childhood independence training 
and its relationship to achieve-
ment in eight-year-old girls 
HOLSTE, CATHLEEN ANN HARING 
Zoology (Physiology) 
Respiratory properties of hemo-
cyanin of the abalone Hal iotis 
cracherodi i 
HOONKEO, BHAISAL 
Electrical Engineering 
Control labil ity and observabil ity 
of l inear autonomous systems by 
analytical and numerical methods 
HOOVER, MARY NELL 
Home Economics Education 
Curricular material for teaching 
selected topics in personal and 
family economics to senior boys 
in high school 
HOPWOOD, SHAROL LOUISE 
Nutrition 
Avai labi l ity of iron in diets 
with varying calcium to phos-
phorus ratios 
HOTTES, JOSEPH HENRY 
Psychology 
The effects of sex and verbal 
communication on imitation in 
the Prisoner's Dilemma game 
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HOWELL, DAVID JOSEPH KELLER, JOAN PATRICIA 
Wildl ife Biology Statistics 
Wi ldl ife abundance on the pro- Comparison of model building 
posed Twelve Mile Creek Water- procedures with measurement 
shed project area in Southern error present 
Iowa KELLOGG, CHARLES GARY 
HOWELL, SYLVIA JEAN CUNNINGHAM Soi l Engineering 
Textiles and Clothing Residual and time-dependent 
Occupational expectations of strengths of two lateritic soi ls 
sophomore and senior students KILKUS, STEPHEN PAUL 
enrol led in a textiles and Zoology (Limnology) 
clothing merchandising option A water qual ity survey of some 
IVERSON, RANDALL JAY central Iowa streams and lakes 
Physics KIZER, GEORGE MAURICE 
Tight-binding interpolation Electrical Engineering 
schemes appl ied to molybde- A feasibil ity study of a 
num and copper strapped-down inertial naviga-
JACKLEY, JOHN JOSEPH tion system 
Biomedical Engineering and Vet- K00, NORMAL HAI-MING 
erinary Physiology (Domes- Nuclear Engineering 
tic Animals) Evaluation of buildup factors 
A digital experiment monitor by the transmission matrix 
for the PDP 12 computer method 
JACKSON, LARRY CAVERN KOSTMAN, JAMES PAUL 
Veterinary Cl inical Sciences Electrical Engineering 
Cl inical and hematological On the generation of an acoustic 
evaluation of glyceryl guaiaco- hologram using a water surface 
late as an adjuvant to anesthe- as a recording medium 
sia in the horse (Equus caballu~ KUNZE, DENNIS RALPH 
JIMENEZ, JOSE IVAN Mechanical Engineering 
Animal Nutrition An investigation of transition 
Energy uti l ization by young pigs to turbulence in the shock-in-
JOHANNSEN, JOHN FREDRICK duced unsteady boundary layer 
Agricultural Engineering on a flat plate 
Design and evaluation of a KUTISH, GERALD 
ridge forming stalk shredder Zoology 
for corn production Morphological , ultrastructural 
JOHNSON, SOLVEIG ANN and cytochemical studies of 
Computer Science gametes and fertil ization in the 
Computing improvements for norm terrestrial isopod Trachel ipus 
reduction eigenvector methods rathkei (Brandt) (Crustacea: 
JOHNSTON, BRENT DUANE Arthropods) 
Electrical Engineering LAMM, WARREN DENNIS 
Simulation of a nonrecur- Livestock Production 
sive digital filter based Comparisons of corn storage sys-
on Walsh functions terns for feedlot cattle 
JOHNSTON, JENNIFER P. GENUA LAPERRIERE, ARTHUR JOSEPH LOUIS, I I I 
Economics Wildl ife Biology 
Predicting future farm labor Factors influencing differen-
in Iowa for small geographi- tial call ing rates of mourning 
cal areas doves 
JONES, JOHN RICHARD LAPERRIERE, JACQUELINE DOYLE 
Zoology (Limnology) Water Resources 
A l imnological survey of the A nutrient bioassay of phyto-
upper Skunk River, Iowa plankton from the Des Moines 
KATELY, JAMES ARTHUR River, Iowa 
Metal lurgy 
Reactions of Th02 and UO2 in 
fused salt systems 
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LAUDERDALE, MARGARET CAROL 
Home Economics Education 
A self-instructional guide on 
facings and interfacing for 
secondary home economics 
students 
LEMKE, HARLAN LAWRENCE 
Agricultural Economics 
Review of electronic data proc-
essing of records and accounts 
for Iowa farmers 
LESLIE, DIANA MARLENE BROOKS 
Inorganic Chemistry 
A kinetic study of metal-ion 
catalyzed hydrolysis of potas-
sium s-ethyl thiooxalate 
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MACAULEY, DAUID BRAMWELL 
Organic Chemistry 
Cerium (IV) oxidative cleavage 
of tertiary alcohols; relative 
cleavage rates of al lyl , benzyl , 
and related radicals 
MADENFORD, GARY ALAN 
Soil Morphology and Genesis 
Soi l genesis as influenced by 
consistency variations within 
the Tazewell glacial till of 
northwestern Iowa 
MA K, KUEN HING 
Electrical Engineering 
Transverse electromagnetic waves 
ampl ification in sol id state 
LEU, JON ROBERT plasmas 
Journalism and Mass Communicat~n MANEEWON, METHEE 
The effects of photograhic compo- Soil Management 
sitional elements on the selec- Evaluation of soil moisture 
tion of news pictures by various stress indices for predicting 
groups of individuals grain sorghum as compared to 
LIAO, TERESA PAI HSUEH corn yields on Galva silt loam 
Food and Nutrition in Iowa 
Intracel lular mineral concen- MART ELL, ERIC STEPHEN 
trations: An approach to the Psychology 
mineral requirements of L cel ls Category boundaries versus sub-
LIN, CHING-YONN jective standards as determi-
Poultry Breeding Hants of decision time 
Effects of antagonistic selec- MASTERS, ROBERT STEVEN 
tion for body weight and egg- Cermaic Engineering 
weight in chickens The role of calcium in synthetic 
LINN, JANET BERG calcite-kaol inite fly ash 
Home Economics Education MATHWIG, HERBERT JAMES 
Nutrition concepts held by Iowa Wildl ife Biology 
Extension family food aides Food and population characteris-
LOVAN, WILLIAM ROBERT tics of Iowa coyotes 
Sociology MATTES, KENNETH CHARLES 
An organization's social envi- Organic Chemistry 
ronment in implementing insti- Synthesis of Q<-triketones via 
gated social change problems: sulfides and sulfoxides 
Smoking and health MAURER, LEOPOLD 
LOYNACHAN, THOMAS EUGENE Food Technology 
Soi l Microbiology and_ Bio- Effect of copper on certain 
chemistry Swiss cheese characteristics 
Rate of manure decomposition MCCANN, MICHAEL JOHN 
in soil and effects of sprink- Industrial Engineering 
let appl ication of lagoon ef- Comparative economy of urban 
fluent on corn and grain sorghum development alternatives 
LUCIDO, ANTHONY PETER MCCREADY, WILMA JOAN 
Computer Science Textiles and Clothing 
MATY: An interactive matrix Introducing the metric system to 
manipulation language eleventh and twelfth grade 
MACAULAY, BETH ELLEN RISVOLD clothing construction classes 
Psychology MCINTOSH, WILLIAM ALEXANDER 
Sex-role behaviors of institu- Sociology 
tional ized and noninstitution- Social system factors in the pre-
al ized mental ly retarded children diction of success of Lao vi l-
lages in a socio-economic devel-
opment training program 
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MCMELLEN, MILDRED NADINE NAUGHTON, MARGARET MCCARTY 
Home Economics Education Textiles and Clothing 
An exploratory approach for Relation of hue and value vari-
teaching disadvantaged home- ations to observer preference 
makers to select and repair for hair and costume color com-
used clothing binations 
MEYER, REX WILLIAM NEHRING, VINCENT WAYNE 
Animal Production Ceramic Engineering 
The effect of feeding laxatives Flexural creep of surface-
to lactating cows treated sapphire rods 
MICHALSKI , STANLEY THOMPSON NELSON, RANDALL LEE 
Food Technology Crop Production and Physiology 
A study of the mechanisms of Response of soybean plant types 
production and fate of carbonyl to row spacing and population 
flavor compounds resulting from NELSON, RON MICHAEL 
the autoxidation of fats and Mechanical Engineerinq 
oi ls An expl icit finite difference 
MILLER, GERALD AREY analysis for developing turbu-
Soil Morphology and Genesis lent internal flows with heat 
A geomorphic, hydrologic, and transfer and property variations 
pedologic study of the Iowa NEWLAND, DENNIS JOHN 
Great Lakes area Nuclear Engineering 
MILLER, MAUREEN Two-phase electrolytic magneto-
Journal ism and Mass Communication hydrodynamic generation 
The use of the mass media by the NEWLIN, LONNIE LEE 
disadvantaged engaged in voca- Genetics 
tional training Partial characterization of a 
MLECKO, BRIAN EDWARD mutant of Escherichia col i which 
Zoology (Physiology) is abnormal in RNA synthesis 
Oxygen equil ibria for the hemo- NIEVA, MARIANO ALBERTO 
cyanin from two species of Veterinary Microbiology 
crayfish The isolation and characteriza-
MORGAN, BRIAN EDSON tion of Klebsiel la pneumoniae 
Biomedical Enqineering from animals and their environ-
Flow through a model of an ar- ment 
terial stenosis NIMMO, VICTORIA LEE 
MOSBEY, DERAL THOMAS Psychology 
Organic Chemistry The relationship of responses to 
Synthetic approaches to ere- a questionnaire of children's 
mophi lone play behavior 
MRACHEK, ROGER JOSEPH NIYO, YOSIYA 
Statistics Veterinary Pathology 
Some statistical aspects of The effects of the immunosuppres-
clustering procedures Sant agent, mechlorethamine-HC1, 
MUHLE, MICHAEL ELROY on the immune response of domes-
Chemical Enqineering tic turkeys to Histomonas melea-
The design of a 0-3 kilobar gridis infection 
sol id state piston and cyl in- NOREM, ROSALINE HUISINGA 
der press for high temperature Fami ly Environment 
studies A case study of student choice 
MURTHY, NIMMAGADDA SADASIVA and involvement at I.S.U, during 
Statistics Spring, 1970 
Ratio estimates in multi-stage NOWACKI , CHRISTINE MARIE 
sampl ing Psychology 
NASSER, ORLANDO LUGO The concept of mental health 
Journal ism and Mass Communication as related to sex of the per-
Predicting interpersonal commu- son perceived 
nication generated by a mass com-
munication event 
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O'CONNELL, HAROLD JOSEPH 
Sociology 
Toward a social pol icy model: 
Methodology and design 
O'DOHERTY, ROBERT JOHN 
Aerospace Engineering 
Multipl ier methods: Adapta-
tions to optimal control prob-
lems with terminal state con-
straints 
OLIVER, JERRY PAUL 
Civil Enqineerinq (Geodesy 
and Phtogrammetry) 
Surveying and mapping educa-
tion in the United States -
past, present, future 
OLSON, JOHN CHARLES 
Meat Science 
Effects of salt cure and proc-
essing time and temperature on 
the viabil ity of Trichinel la 
spiral is in country cured hams 
and shoulders 
OLSON, THOMAS WILLIAM 
Soil Engineering 
Determination of swelling pres-
sures of montmori llonites 
PADGITT, JANET SUE BARFELS 
Sociology 
A path analysis of organiza-
tional effectiveness 
PARASUIK, GRACE NELLIE 
Family Environment (Housing) 
Community solidarity related 
to population characteristics 
of an urban residential area 
PARK, CHAN UNG 
Electrical Enqineerinq 
Estimation of the Kalman-Busy 
filter gain by exponentially-
weighted-past average in real 
time simulation 
PAYTON, SHARON BIERLEIN 
Food Science 
Effect of additives and storage 
on the qual ity of frozen turkey 
crepes 
PEPPARD, BRUCE D. 
Chemical Engineering 
Size distribution measurements 
of partially reacted polysty-
rene latexes by ultracentrifuge 
PEPRAH, IGNATIUS, K. N. E. 
Agricultural Engineering 
Effect of spring-mounted rasp 
bars on the performance of a 
shell ing cyl inder 
PETERSON, HAROLD LEROY 
Soil Microbiology 
A direct microscopic ratio-
method using polystyrene beads 
to determine microbial numbers 
and biomass in soil 
PINGER, ROBERT ROLAND, JR. 
Entomology 
Occurrence and seasonal distri-
bution of mosquitoes associated 
with arbovirus activity in Iowa 
PITSIOU, HELEN N. 
Sociology 
Role expectations and marital 
adjustment of Greek couples in 
Des Moines, Iowa 
POST, JOHN ARTHUR 
Chemical Engineering 
A study of foam 
PRIOR, CHARLES LEONARD 
Plant Breeding 
Effects of the opaque-2 gene on 
germination and seedl ing growth 
in maize 
PROCTOR, STANLEY JIM EDD 
Veterinary Pathology (Veterinary 
Parasitology 
Studies of immediate hypersensi-
tivity response to toxocariasis 
in the dog 
RAHMAN, SYED FAKHRUR 
Ceramic Engineering 
Strength studies of aluminum 
oxide 
RAJAGOPAL, KADAMBI RAMASWAMI 
Structural Engineering 
Development length of compres-
sion reinforcing bars in beams 
RAO, ATCHUTUNI MANIKYA 
Electrical Engineering 
Computerized substation protec-
tion 
REHAK, DALE JOSEPH 
Physics 
Irreversible volume changes in 
precipitation hardened copper-
cobalt alloys 
REICH, MICHAEL JOSEPH 
Psychology 
Effects of l ithium chloride con-
ditioned aversions on hunger 
motivated behavior in VMH le-
sioned rats 
RENCH, WILFORD EUGENE 
Agricultural Cl imatology 
Visual kernel maturation in maize 
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RESTREPO, FABIO DE JESUS 
Food Technology 
Calcium activation of l ipoxy-
genase 
REYNOLDS, JAMES FULTON, JR. 
Organic Chemistry 
Oxidation of anions by 
nitroparaffins 
RICHTER, HELEN SOPHIA 
Institution Management 
Labor util ization and related 
factors in manual washing of 
kitchenware in seven nursing 
homes 
RIDLEHOOVER, GERALD A. 
Chemical Engineering 
Selectivity improvement in a 
variable-volume chemical reactor 
RILEY, TERRY MICHAEL 
Psychology 
GSR and stimulus context 
RINCON, HERNAN 
Journal ism and Mass Communication 
Iowa State University Coopera-
tive Extension Information Ser-
vice and its internal cl ients: 
A role study 
RODRIGUEZ, JOSE EGIDIO 
Journal ism and Mass Communication 
Stereotypes of Latin America in 
two U.S. newspapers 
ROGERS, ELIZABETH ANN 
Analytical Chemistry 
Titration of acids with tetra-
methylammonium hydroxide 
ROOTES, LLOYD EARL, JR. 
Psychology 
The effect of achievement moti-
vation training on incarcerated 
women 
ROWEDDER, KLAUS 
Biomedical Engineering 
Histamine-action upon norepi-
nephrine-uptake 
RUFFNER, JOHN WESLEY 
Psychology 
Effects of patterned auditory 
noise on visual detection 
RUSSELL, STEPHEN SIDNEY 
Town and Regional Planning 
Case studies--The implementa-
tion of planning programming 
budgeting at the local level 
SCHEVE, JOHN LOUIS 
Chemical Engineering 
A simplified process viscome-
ter for non-Newtonian fluids 
SCHMIDT, JANICE LUANN 
Psychology 
The effect of one and two dimen-
sional changes in stimul i on 
compensation of quantity 
SCHOELL, JOHN DAVID 
Psychology 
The relationships between inter-
ests and needs for typical and 
atypical undergraduate engineer-
ing students 
SCHULTZ, LINDA JEAN LEE 
Textiles and Clothing 
Response errors in inventories 
of household textiles 
SCHWARTZ, JOSEPH JAMES 
Fisheries Biology 
Incidence of Aeromonas salmon-
cida, causative agent of furun-
culesis, in yellow bass (Morone 
mississippienis), in Clear Lake, 
Iowa 
SEITZ, WILLIAM KERLIN, I I I 
Wildl ife Biology 
Controlled burning in relation-
ship to bobwhite quail popula-
tions on the Mount Ayr Game 
Management Area, Iowa 
SEMINARIO, ALEJANDRO LUIS 
Agricultural Economics 
Economics of irrigation regulari-
zation in the Moquegua Valley, 
Peru 
SESAY, ABU 
Crop Production and Physiology 
Characteristics of soybean va-
rieties grown in various date 
of planting-row spacing-plant 
population combinations 
SHELLEY, THOMAS ROBERT 
Sanitary Engineering 
Evaluation of sludge dewatering 
properties 
SHERMAN, KEITH CONOVER 
Veterinary Pathology 
Pathologic and hematologic 
changes observed in swine inocu-
lated with Salmonella cholera-
suis var. kunzendorf and its 
endotoxin 
SHOEMAKER, JOHN BURTON 
Water Resources 
Analysis of the degree-day method 
of predicting snowmelt runoff in 
Iowa 
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SILBERMAN, PHILIP LARRY 
Chemistry 
The oxidation of various sub-
stituted cyclohexylmethanols 
and cyclopropydmethanols with 
cerium (IV) 
SILLETTO, THOMAS ALLEN 
Aqricultural Education 
Competencies in tractor and 
operation needed by Iowa 
farmers 
SIMMERMAN, SCOTT JOSEPH 
Psychology 
Retrograde amnesia: Effects 
of delay of del ivery of elec-
troconvulsive shock 
SKADBURG, NORMAN DEAN 
Aqricultural Education 
Relation of attitude toward 
agriculture to employment in 
agribusiness 
SLAVIK, MICHAEL FRANK 
Bacteriology 
Development of microtitration 
complement-fixation text for 
diagnosis of mycoplasmal swine 
pneumonia 
SMALL, LARRY LOWELL 
Veterinary Physiology 
Sodium and potassium concen-
trations of erythrocytes and 
plasma in normal and adrenalec-
tomized dogs 
SMITH, DAVID GYLE 
Chemical Engineering 
Electrical resistivity of high 
temperature fluidized carbon 
beds 
SMITH, LUGENIA ANNA 
Home Economics Education 
Use of the discovery method in 
teaching home economics content 
to the pre-adolescent student 
SOUTHARD, VIRGINIA WHITEHILL 
Home Economics Education 
Romantic and real istic atti-
tudes toward love as exhibited 
by selected adolescents 
STARR, ANN MARIE CLARK 
Psychology 
The effect of subject manipu-
lation in facil itating train-
ing toward weight conservation 
STEFANIW, ANNELIESE 
Zoology (Physiology) 
Effect of exogenous estrogen 
and progesterone on rat mammary 
gland development during late 
pregnancy and early lactation 
STINARD, THOMAS ALEXANDER 
Psychology 
The influence of certain per-
sonal variables upon the effec-
tiveness of a reinforcement pro-
gram in a school setting 
SUWANTARADON, KRIANGSAK 
Plant Breeding and Cytogenetics 
Evaluation of an alternative 
method of developing superior 
hybrids from two improved maize 
populations, BSK and BSSS 
SWANK, RONALD WALTER 
Food Technology 
Characteristics of alanine-in-
duced germination of PA 367g 
NCA spores 
SWANSON, CARL EMIL, JR. 
Metallurgy 
Electrotransport of carbon, ni-
trogen and oxygen in zirconium 
TAYLOR, ALAN LESLEY 
Psychology 
Speech anxiety as a function of 
desensitization and anxiety level 
THEILE, HAROLD EDWARD 
Education (Adult Education 
Management development practices 
in Iowa manufacturing industry 
THOMPSON, JOAN RUSSELL 
Cell Biology 
Biochemical and ultrastructural 
characteristics of milk protein 
synthesis 
T0, AMBROSE HEI-WO 
Nuclear Engineering 
Determination of trace impurities 
by l iquid chromatographic separa-
tion and thermal neutron activa-
tion analysis 
TORABI , ASGHAR 
Psychology 
The effect of leader sex on 
group activity 
TORRES, SANTOS BUMATAY 
Electrical Engineering 
Design methods for digital re-
cursive filters 
TUINSTRA, DARLENE MAY 
Home Economics Education 
Homemaking instruction and other 
services for unmarried expectant 
mothers in Iowa, 1969-1971 
TURNER, MICHAEL SETH 
Journal ism and Mass Communication 
An audience survey of KDIN-TV and 
KI IN-TV, the educational stations 
for Iowa 
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LINGER, RICHARD H. 
Industrial Education 
Predicting achievement in the 
first mathematics course of the 
engineering technology programs 
at Iowa State University from 
high school performances 
USMANI , ZIAUL HAQ 
Metallurgy 
Si l iconizing steel in molten 
magnesium alloy media 
VANALLEN, ROBERT LEE 
Electrical Engineering 
An incremental velocity meas-
urement algorithm for use in 
inertial navigation al ignment 
VAN BERKUM, CLIFFORD STANLEY 
Agricultural Education 
Factors related to the occupa-
tions of male graduates of the 
Swea City Community High School 
from 1951-1965 
VEGA ORTEGA, URGANO ANTONIO 
Plant Breeding 
Genetic variation of quantita-
tive characters in successive 
generations of maize inbred 
l ines 
VENGRIS, VITOLIS ENRIKAS 
Veterinary Microbiology 
Interferon induction in pigs 
and porcine cell cultures with 
viral and synthetic inducers 
VERAMALLAY, ASHTON ISARDATT 
Economics 
Agricultural development 
through agrarian reform in 
Guyana 
VISSER, SANDRA JEAN 
Zoology (Physiology) 
Ventilation rate and oxygen 
consumption of the pink aba-
lone, Hal iotis corrugata 
VYVERBERG, CONNYE LOV WILSON 
Textiles and Clothing 
Condition of clothing related 
to occasion of wear and discard 
WALL, DANNY JAMES 
Sanitary Engineering 
Tertiary wastewater treatment 
using pulsed adsorption beds 
and dual media filters 
WALSTROM, ROBERT WADE 
Electrical Engineer_in~c 
The feasibil ity of a random-
assess discrete-address com-
munications system as a prac-
tical digital data transmis-
sion system 
WEBB, RANDALL WAYNE 
Poultry Products Technology 
Effect of tocopherol supplemen-
tation on precooked and mechan-
ically deboned turkey meat 
WEDIN, CAROL SEVERSON 
Family Environment 
The meaning of space in interior 
residential design as communi-
cated by various graphic forms 
WEN, YIH-CHIANG 
Electrical Engineering 
Measurement of magnetic proper-
ties of cyl indrical thin films 
WHITE, RALPH KENDALL 
Physics 
Missing mass recoi l ing against 
two protons in K+D interactions 
at 4.2 GeV/c 
WHITE, ROGER LEROY 
Electrical Engineering 
Confidence intervals for protec-
tive system rel iabil ity from 
operational data 
WHITWOOD, WALTER NORMAL 
Horticulture 
Anther culture in Lycopersicon 
esculentum to obtain haploid 
tissue 
WIKSELL, JOANNE CLARQUIST 
Fami ly Environment 
Microorganism survival on fabrics 
laundered in automatic washers 
and dryers 
WILLIAMS, WILLIE, JR. 
Sol id State Physics 
The electrical resitivity of 
several di lute antiferromagnetic 
al loys of a -.manganese 
WILSON, BILLIE RAY 
Industrial Engineering 
A methodology for the allocation 
and schedul ing of state police-
men 
WINKELPLECK, JUDY MAE 
Sociology 
Influence of alternative methods 
of scale construction and mean-
ingful subgroups on conclusions 
about the relationship of atti-
tudes to smoking behavior 
WINTER, RICHARD CALHOUN 
Journal ism and Mass Communication 
An analysis of the gatekeeping 
functions of a television news 
assignment editor 
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WOLENUK, STEPHEN GREGORY, JR, 
Inorganic Chemistry 
Kinetics and mechanisms of 
substitution reactions of 
pentacyanoferrates ( I I I) 
WONG, MEI PU 
Food and Nutrition 
Immune response and y-globul in 
metabol ism of rats fed differ-
ent sulfur-containing amino 
acids 
WOODBURY, PAUL WILHELM 
Geodesy and Photoqrammetry 
An investigation of methods 
for estimating gravity anoma-
l ies and their appl ication to 
height difference determinations 
WORKMAN, JANE EVELYN TURNER 
Texti les and Clothing 
Satisfactions and dissatisfac-
tions of sixteen and seventeen 
year old girls with recent 
clothing purchases 
YEARNS, MARY HOLT 
Family Environment (Housing) 
Housing satisfactions associ-
ated with patterns of l iving in 
rural communities of southwest 
Iowa 
YOON, ICK-JHIN 
Ceramic Engineering 
Deformation of sodium chloride 
in a sodium atmosphere 
YUNGSCHLAGER, BETTY FERN 
Home Economics Education 
Teaching family l ife education 
in Iowa: Satisfactions of a 
selected group of teachers 
ZABEL, DANIEL CARL, I I 
Metal lurgy 
The effect of zirconium on the 
strength of thorium 
DOCTOR OF PHILOSOPHY 
ADAMS, RANDALL WILLIAM 
Psychology 
Peripheral vision and visual 
attention 
AHMED, IFTIKHAR 
Economics 
Unemployment and underemploy-
ment in Pakistan 
ALLEN, WILLIAM HENRY, JR. 
Soi l Morphology and Genesis 
Landscape evolution and soi l 
formation - Treynor, Iowa 
ALTSCHUL, CARLOS ROBERTO 
Psychology 
An analysis of variables derived 
from a self concept balance 
model 
ALVORD, DAVID JON 
Education Educational 
Administration) 
Relationships among pupi l self 
concept, attitude toward school , 
and achievement on selected sci-
ence exercises from the National 
Assessment of Educational Proc-
ess 
AMIRTHARAJAH, APPIAH 
Sanitary Engineering 
Optimum expansion of sand fi l-
ters during backwash 
ANTHOLINE, WILLIAM ERNST 
Physical Chemistry 
Electron paramagnetic resonance 
studies and magnetic properties 
of low symmetry niobium (IV) 
complexes 
ARIAS FANDINO, JESUS 
Plant Breeding 
Induction of mutations for grain 
yield in oats 
BADGER, WILLIAM WILEY 
Soil Engineering 
Structure of friable Iowa loess 
BERNAL, ALFREDO OSORIO 
Soil Management 
Impl ications of erosion control 
practices on soil moisture and 
productivity of western Iowa 
soi ls 
BLUHM, DELWYN DONALD 
Electrical Engineering 
Optimum processing of continuous 
noisy measurement data in a dis-
crete Kalman fi lter 
BOGARD, CARROLL SHERIDAN 
Education (Educational 
Administration 
Teachers use of unscheduled time 
BRAUGHT, LORAN RALPH 
Education 
Cognitive structuring of first 
and second grade children with 
learning disabil ities 
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BROSNAN, DENTS ALBERT 
Ceramic Engineering 
Interdiffusion in the systems 
NixO-CoxO and MnxO-Mg0 
BAKER, JAMES LEROY 
Physical Chemistry 
Apparent and partial molal 
heat capacities of some aque-
ous rare earth nitrates and 
perchlorates from tenth molal 
to saturation at 25°C 
BAST, JOSEPH DARWIN 
Physiology of Reproduction 
Luteinizing hormone, prolac-
tin and ovarian 20 ~ -hydroxy-
steriod dehydrogenase activi-
ties during pregnancy or pseu-
dopregnancy in the rat 
BEGRES, FORREST MORT 
Botany (Aquatic Plant Biology) 
The diatoms of Clear Lake and 
Ventura Marsha, Iowa 
BELCHER, EARL W., JR, 
Botany (Economic Botany) 
Influence of selected environ-
mental factors on seed produc-
tion in Polygonum pensylvanicum 
BENSON, GARREN OREL 
Crop Production 
The response of the corn plant 
to fol iar appl ications of ni-
trogen and phosphorus under dif-
ferent environmental conditions 
BERK, METIN 
Agricultural Economics 
Changing structure of Iowa 
farmland ownership 
BERRYHILL, DAVID LEE 
Bacteriology 
Studies on the genome of 
Staphylococcus aureus 
BEUERMAN, DONALD ROY 
Analytical Chemistry 
The use of al iphatic 0.-hydroxy-
oximes for the separation of 
metal ions 
BIJAYENDRAYODHIN, ITTHI 
Electrical Engineering 
Al location of transmission 
l ine fixed charges among joint 
users according to the benefits 
BLANKESPOOR, RONALD LEE 
Organic Chemistry 
Cycl ic unsaturated semidiones 
and ketyls 
BLECHINGER, CHESTER JOSEPH 
Mechanical Engineering and 
Engineering Mechanics 
The influence of inlet velocity 
distribution on the flow through 
a plane curved diffuser 
BLISS, DAVID HAROLD 
Electrical Engineering 
Automatic ampl itude and phase 
equal ization derived from fre-
quency-domain data 
BLOOM, ALLEN 
Organic Chemistry 
I. The low temperature photo-
chemistry of iron pentacarbonyl 
and disubstituted acetylenes 
I I, The X-ray structure deter-
mination of trans-6,8-dibromo-
1,2,3,4,4a,9a-hexahydro-4a,9-
dimethyl-carbazole 
BOHLEN, DAVID HERBERT 
Organic Chemistry 
Heterogeneous catalytic hydroge-
nation of aromatic compounds: 
I. Deuteration and hydrogen ex-
change of mono- and polyalkyl-
benzenes, I I, Selectivity in the 
reduction of diarylalkanes, I I I. 
Competitive hydrogenolysis of 
arylmethanols 
BONNEFIL, LEONCE, JR, 
Entomology 
Some biological interactions of 
Empoasca phaseola Oman (Homop-
tera: Cicadell idae) with se-
lected leguminous hosts 
BOOTHE, ARLIS DORMON 
Veterinary Pathology 
Ultrastructural studies of the 
bovine syncytial virus 
BROOKS, RALPH MORRIS 
Sociology 
Social indicators for community 
development: Theoretical and 
methodological considerations 
BROWN, MICHAEL JUSTIN 
Physiology (Domestic Animals) 
Sources of error in reflection 
oximetry 
BROWN, NANCY EVELYN 
Institution Management and 
Economics 
A conceptual framework for anal-
ysis of a nursing home food ser-
vice system and procedures for 
measurement of selected variables 
related to labor time 
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BULICH, ANTHONY ANDREW 
Bacteriology 
Amylase production by L forms 
of Bacillus subtil is 
BURMEISTER, LEON FORREST 
Statistics 
Estimators for samples selected 
from multiple overlapping frames 
BURMOOD, DWAYNE THOMAS 
Crop Production and Physiology 
Effects of simulated hail damage 
on soybeans, (Glycine max (L.) 
Merrill) as influenced by row 
spacing and variety 
BUSTAMANTE-R, ELKIN 
Botany and Plant Pathology 
(Plant Pathology) 
Factors influencing survival 
among four competing races of 
Puccinia coronata avenge 
CAMPBELL, JOHN EDWARD 
Entomology 
Effect of the European corn 
borer on yield of inbred and 
single-cross seed corn 
CAMPBELL, RONALD ARTHUR 
Zoology (Parasitology) 
Biology and development of 
Cotylurus flabell iformis 
(Trematoda: Strigeidae) 
CARLSON, RICHARD EUGENE 
Agricultural Climatology 
Remote detection of moisture 
stress: Field and laboratory 
experiments 
CARNAHAN, THOMAS GEORGE 
Metallurgy 
Small angle tilt and twist 
grain boundary strengthening 
in yttrium 
CHAKRAVORTY, MALATI 
Home Economics Education 
Case study of Family Food Aides 
in Expanded Nutrition Program 
CHAMBERLAIN, RICHARD CAVERN 
Statistics 
The non-orthogonal analysis 
of variance 
CHAUSSEE, DENNY SCOTT 
Aerospace Engineering and 
Meteorology 
Numerical simulation of axisym-
metric vortex formation normal 
to a sol id boundary 
CLARK, RONALD GENE 
Physics 
Identification and characteriza-
tion of isomeric states in the de-
excitation of 252Gf fission frag-
ments 
CONJE, AMBROCIO MENDEZ, JR. 
Plant Breeding 
Performance of crosses within 
and between two diverse sources 
of birdsfoot trefoi l , Lotus 
corniculatus, L. 
COOPER, EUGENE REX 
Chemistry 
Model calculation studies of the 
transport properties of a dilute 
gas of diatomic molecules in a 
static magnetic field 
CORNFORD, MARCIA ALBRIGHT 
Cell Biology 
Ultrastructural cytochemistry 
identification of peroxisomes as 
organelles of terminal oxidation 
in amitochondrial trichomonad 
flagellates 
CRENSHAW, JOHN HOWARD 
Computer Science 
Starting approximations for 
rational fraction least-squares 
fitting 
CRINION, RICHARD ALPHONSUS PLUNKETT 
Veterinary Microbiology 
Pathogenicity of four serotypes 
of avian infectious bronchitis 
virus for the oviduct of chickens 
CROY, FLOYD EMERSON, JR. 
Industrial Education 
Knowledge and ski l l requirements 
of motorcycle mechanics with im-
pl ications for course develop-
ment 
CULLEN, WILLIAM HENRY, JR. 
Metal lurgy 
The Debye temperatures of copper-
rich, Cu-Au al loys 
DARLAGE, LARRY JAMES 
Organic Chemistry 
Thermal , photochemical, and 
electron impact induced trans-
formations of 1,2-benzisoxazol in-
3-ones and related heterocycl ic 
compounds 
DAVID, ISIDORO PINEDA 
Statistics 
Contributions to ratio method 
of estimation 
DAY, CLIFFORD KEITH 
Electrical Engineering 
Radial surface waves on piezo-
electric substrates 
DECHOW, FREDERICK JOHN 
Physical Chemistry 
An optical mixing spectroscopic 
study of interfacial fluctua-
tions 
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DELONG, MAX MYRON 
Nuclear Engineering 
Prediction of heated effluent 
dispersion in a stream using 
simil itude techniques 
DIESBURG, DANIEL EUGENE 
Metal lurgy 
The elastic constants of 
Fe-Ni-C al loys 
DOMINGO, IRENEO LADIA 
Forestry (Forest Biology) 
Physiological responses of an 
aspen-poplar hybrid to tempera-
ture and soil moisture treat-
ments 
DUNCAN, DAVID JECHOW 
Sociology 
Sociological and social-
psychological factors related 
to success in business manage-
ment 
EAGEN, CHARLES FREDERICK 
Sol id State Physics 
Resistivity and magnetoresis-
tance of dilute solutions of 
Cr in Cu-Ni alloys 
EBBERS, LARRY HAROLD 
Education (Higher Education) 
Attitudes of selected groups 
concerning the faculty role 
in campus disorders 
ELKIN, RANDYL DON 
Economics 
An evaluation of benefit-cost 
analysis as a tool for manpower 
decision making 
ERNST, DAVID FLOYD 
Botany (Plant Physiology) 
Amylase activity in dormant and 
germinating seeds of Polygonum 
pensylvanicum 
FAWCETT, GREGORY BRUCE 
Economics 
An economic-attitude model for 
career choice in medicine 
FEKETE, FERENC 
Agricultural Economics 
Economics of cooperative farm-
ing objectives and optima in 
Hungary 
FERRERI , LAURANCE FAYE 
Zoology (Physiology) 
Experimental lactogenesis: Role 
of pituitary, adrenal, and ovar-
ian hormones in initiating milk 
secretion in rats 
FETZER, ERWIN ENRIQUE 
Electrical Engineering 
Observabil ity in the state esti-
mation of power systems 
FLEMING, DONALD ALLEN 
Education (Educational 
Administration) 
A study of first-time, full-time, 
Arts and Science students of 1966 
in the sixteen Iowa publ ic com-
munity col leges 
FLORES, ALFONSO G. 
Animal Breeding 
A study of calving interval 
FLOYD, RICHARD LEE 
Economics 
The demand for financial assets: 
A portfol io approach 
FULKROD, JOHN EDWARD 
Organic Chemistry 
Electron impact induced multiple 
rearrangements of aralkyl nitro 
and nitroso compounds and multi-
ple hydrogen rearrangements in 
cumyl and related cations 
FULLERTON, HERBERT HALL 
Economics 
An economic simulation model for 
development and resource planning 
GARRETT, CANDACE SCHAU 
Psychology 
The effects of model ing on the 
development of sex-role behaviors 
in children 
GENRICH, DONALD ALLEN 
Soi l Chemistry 
Isolation and characterization 
of sand-, silt-, and clay-size 
fractions of soils 
GHAT , GAURI LALL 
Statistics 
Analysis of some nonrandom mat-
ing models 
GIERALTOWSKI, GERALD FRANCIS 
Nuclear Physics 
Soluble model calculations of the 
continuum structure of closed-
shell nuclei in the eigenchannel 
reaction theory 
GLOCK, ROBERT DEAN 
Veterinary Pathology 
Studies on the etiology, hema-
tology, and pathology of swine 
dysentery 
GRADWELL, JOHN BRIAN 
Industrial Education 
Commonal ities in agricultural 
mechanics and industrial arts 
education 
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GRASSMICK, ROBERT ALAN 
Zoology (Protozoology) 
Neutral red granules and food 
vacuoles in Tetrahymena 
pyriformis 
GRIFFIN, CHARLES THOMAS 
Sociology 
Causal model analysis of 
role performance of coordina-
tors in the operating system 
following a disaster 
GROSZ, WILLARD WAYNE 
Education (Educational 
Administration) 
Factors influencing second 
semester freshman to attend 
selected Protestant l iberal 
arts col leges 
GRUVER, GENE WILLIAM 
Economics 
Economic decision models under 
l inear methods of decentral i-
zation 
HANSEN, DAVID EUGENE 
Aqricultural Economics 
Identification of economic im-
pediments to uti l ization of 
Mexico's idle lands and pol icy 
impl ications for Ejido and 
private sectors 
HARRISON, GERALD ALVIN 
Aqricultural Economics 
Alternative statistical models 
for estimation of acreage diver-
sion with farm, county and state 
levels of data: Feed Grain Pro-
gram (1961-70) 
HART, LYNN WINT ERTON 
Sol id State Physics 
Microwave absorption in terbium, 
erbium, and MnAu2 at selected 
frequencies from 20 - 120 GSz 
HARTLEY, JAMES CHARLES 
Food Technology 
,B-Galactosidase activity of 
Propionibacterium shermani i 
HARVEY, ALBERT RICHARD 
Sol id State Physics 
Resistivity and magnetoresis-
tance of dilute solutions of Mn 
in Cu-Ni alloys 
HEISZLER, MANFRED 
Electrical Engineering 
Analysis of streamer propaga-
tion in air 
HAUGE, PAUL STEPHEN 
Nuclear Physics 
Appl ications of point group 
symmetries in l ight nuclei 
HESS, GORDON STANLY 
Animal Nutrition 
Effects of high-grain diets and 
1,3-butanediol on production of 
milk fat and protein in cows 
HETTINGA, DAVID HOWARD 
Food Technology (Dairy 
Microbioloqy) 
The role of propionibacteria in 
the spl it defect of Swiss cheese 
HILLMAN, DANIEL JOHN 
Veterinary Anatomy 
Macroscopic anatomy of the nasal 
cavity and paranasal sinuses of 
the domestic pig (Sus scrofa 
domestics) 
HOEKSTRA, JAMES ALVIN 
Sol id State Physics 
Determination of the Fermi sur-
face of molybdenum using the de 
Haas-van Alphen effect 
HOFFMAN, LARRY DEAN 
Education 
Audio-tutorial versus conven-
tional methods of teaching sl ide 
rule 
HOGHAUG, HAROLD THORMAN 
Industrial Education 
Manpower and training needs in 
fluid power for Iowa industries 
HUANG, JERRY YUAN-CHENG 
Sanitary Engineering 
Granular filters for tertiary 
wastewater treatment 
HUBBARD, CAMDEN RICHARDS 
Physical Chemistry 
The crystal structure determina-
tions of rubidium hexabromanti-
monate (I I I ,V) and tetramethyl-
ammonium nonobromodiantimonate 
(I I I) dibromine and a highly 
efficient white radiation neu-
tron diffraction technique 
HOLLANDER, EDWIN LEE 
Engineering Valuation 
Capital investment planning: An 
appl ication of stochastic non-
l inear programming 
INGRAM, REX CLAIR 
Education 
Perceptions of elementary class-
room teachers concerning instruc-
tional media and services pro-
vided by regional educational 
media centers 
JACOBS, JAMES JEROME 
Economics 
Economics of water qual ity man-
agement; Exempl ified by specified 
pollutants in agricultural runoff 
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JAFARI , LAFI IBRAHIM 
Education 
Migration of Palestinian Arab 
and Jordanian students and pro-
fessionals to the United States 
JANSMA, WILMAR BRUCE 
Zoology (Parasitology 
Ultrastructure and histochem-
istry of Fibricola cratera 
(Trematoda: Diplostomatidae) 
JOHNSON, DAVID EDWIN 
Physics 
Phenomenology based upon the 
general ized Veneziano model 
JOHNSON, DONALD CRAIG 
Food Technology 
Factors affecting peroxide 
types in oxidizing fatty 
acid mixtures 
JOHNSON, JERRY DANA 
Biochemistry 
Properties of the ribosomes 
and ribonucleic acids from 
Mycoplasma hominis 
JOHNSON, JERRY WAYNE 
Economics 
Further evidence as to the 
relative effects of monetary 
versus fiscal pol icy 
JOHNSON, LEROY EUGENE 
Education (Educational 
Administration) 
The role of the principal in 
col lective negotiations as 
perceived by Iowa educators 
and board members 
JONES, MARION EDWARD, JR. 
Botany (Plant Pathology) 
Electron microscopy of host tis-
sue deterioration in Dutch elm 
disease 
JONES, ROBERT EDWIN, JR. 
Sol id State Physics 
Superconductivity of Pb-Bi 
alloys under high pressure 
JORDAN FILHO, LEON 
Statistics 
Bias and mean square error in 
experimental designs 
KAISER, ROBERT HAMILTON 
Chemical Engineering 
Capillary-reservoir diffusion 
studies in Hg-In alloys uti-
l izing continuous resistivity 
measurements of composition 
KAO, VEN-CHE 
Electrical Engineering 
Fi lament formation in bulk sam-
ples of amorphous chalcogenide 
As
55Te35Ge10 
KARG, GEORG 
Economics 
Optimal time paths of cattle 
and hog marketings 
KARMON, DAN 
Electrical Engineering 
Device and array for a 107 bit 
high density magnetic thin film 
memory 
KATANANI , AHMAD KAMAL 
Economics 
Pol icies and models for planning 
the economic development of the 
non-oi l sector in Saudi Arabia 
KAY, RONALD DUANE 
Agricultural Economics 
A dynamic l inear programming 
model of farm firm growth in 
North Central Iowa 
KAZEMI-SHIRAZI , REZA 
Poultry Nutrition 
Urea and diammonium citrate 
util ization by poultry 
KELLER, ELMO A., JR, 
Economics 
The computation of optimal 
growth in economic models 
KIM, GIHO 
Biochemistry 
Investigations of the structure 
of native casein micelles in 
cow's milk 
KINNEY, JOHN JAMES 
Statistics 
Multivariate and general ized 
polykays in statistical struc-
tures 
KOELLIKER, JAMES KENNETH 
Agricultural Engineering 
Sprinkler appl ication of anaer-
obically treated swine wastes 
as l imited by nitrogen concen-
tration 
KRISHNAMACHARI, VINJAMURI 
Nuclear Engineering 
Creep recovery of rutile under 
reduced stress 
KRUEGER, JOHN WARREN 
Veterinary Anatomy and 
Biomedical Engineering 
An in vitro study of cel lular 
response to flow with special 
reference to the cardiovascular 
system 
LACROIX, WILLIAM JAMES 
Industrial Education 
Student achievement in a general 
education course using selected 
experimental time allocations 
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LACY, ALLEN WAYNE 
Economics 
The determinants of trade credit 
LAI , YEOU-REN 
Electrical Engineering 
Propagation of cyl indrical 
magnetic domains 
LAVAQUE, THEODORE JOSEPH 
Psychology 
Behavioral perseveration: 
Lesions of the septal nuclear 
complex and ventromedial hypo-
thalamic nucleus 
LEE, JAMES LEFTWICH, JR. 
Education (Educational 
Administration) 
A century of mil itary training at 
Iowa State University 1870-1970 
LEWIS, MARION QUINN 
Psychology 
Short-term memory as a control 
process 
LEWIS, ROBERT ALLEN 
Psychology 
Two comparisons of array and 
l ist-processing memories for 
the ALDOUS simulation of 
personality 
LIGON, JOHN BARCLAY 
Engineering Mechanics 
A photomechanics study of 
wave propagation 
LILJEDAHL, LOUIS ALLEN 
Agricultural Engineering 
Effect of fluid properties and 
nozzle parameters on drop size 
distribution from fan spray 
nozzles 
LIN, WEN-CHANG 
Engineering Mechanics 
Some problems of shear waves 
LIND, MICHAEL ACTON 
Sol id State Physics 
The infrared reflectivity of 
chromium and chromium-alumi-
num alloys 
LIPS, ORVILLE JAMES 
Psychology 
An empirical test of Hershenson 
and Roth's vocational decision 
process model 
LIU, AN-YEN 
Psychology 
A theory-based scale for the 
measurement of affective re-
sponses to personal ity and 
attitude inventories 
LOESCHER, WAYNE HAROLD 
Botany (Plant Physiology) 
Auxin-induced changes in Avena 
coleoptile cel l wal l composition 
associated with elongation 
LUTZ, GENE MERLIN 
Sociology 
Constructing causal models of 
innovation adoption 
LYNCH, DANIEL MICHAEL 
Education (Educational 
Administration 
Selected factors influencing 
teachers' desire to participate 
in educational decision-making 
and their will ingness to assume 
responsibi l ity for decisions 
MAAS, EDWARD THOMAS, JR. 
Inorganic Chemistry 
Synthesis and characterization 
of species resulting from reduc-
tion of Nb(IV) hal ide adducts 
MADDEN, MICHAEL KENNETH 
Economics 
A portfol io explanation of the 
behavior of stock prices 
MADSEN, HOWARD CLARK 
Agricultural Economics 
Future water an,~ land supply-
demand balances for U.S, agri-
culture: A spatial analysis 
incorporating producing areas, 
consuming regions and water 
supply regions 
MADSEN, RICHARD WILLIAM 
Statistics 
Asymptotic properties of super-
positions of non-negative ker-
nels 
MAHAFFEY, M. RUSSELL 
Education (Educational 
Administration) 
Reactions of high, average and 
low abil ity students to four 
teaching-learning modes of 
flexible scheduled high schools 
in the Great Plains area 
MALLAS, KENNETH MURIAL 
Education 
A study of the influence of leg-
islation on the role of school 
superintendents in collective 
negotiation between teachers 
and boards of education of se-
lected schools in Iowa, Minne-
sota, and Nebraska 
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MALONE, CARL PATRICK 
Botany and Plant Pathology 
(Mycology) 
Developmental morphology of 
Caloplaca ulmorum (Fink) Fink, 
Caloplaca cerina (Ehrh.) Th. 
Fr., and Xanthoria elegans 
(Link) Th. Fr. 
MANDANAS, BENJAMIN YAP 
Organic Chemistry 
Studies on the mechanism and 
stereochemistry of phosphonate 
anion condensations 
MANSURE, ARTHUR JAMES 
Physics 
Charging effects associated with 
optical experiments and surface 
plasmons in metals 
MARR, JACKSON LEE 
Zoology (Protozoology) 
Effects on Tritrichomonas suis 
when cultured in chick chorio-
allantoic fluid 
MARTIN, DONALD HUGH 
Education 
Standards for secondary school 
industrial education facil ities 
MASTERSON, JOHN E. 
Genetics 
Studies on the nature of the 
c3G region in Drosophila 
melanogaster 
MATSUSHIMA, CEDRIC YOSHIO 
Meat Science 
Isolation and some properties 
of rabbit skeletal muscle cell 
membranes 
MATTSON, CHARLES DUDLEY 
Forestry and Agricultural 
Economics 
A method for selecting publ ic 
investments in outdoor recrea-
tion facil ities which will 
increase social benefits 
MCDANIEL, GARY LAVERNE 
Horticulture 
Biophysical properties of 
tobacco ringsport virus associ-
ated with the l ine pattern 
mosaic disease of rose 
MCGINNIS, RUTH LUCILLE 
Psychology 
A psychometric evaluation of 
Carkhuff's discrimination test 
for counselor effectiveness 
MCKIM, HARLAN LEE 
Soil Morphology and Genesis 
Porosity and iron relationships 
in loessial prairie soils of 
southern Iowa 
MCMILLEN, LOWELL DEAN 
Aerospace Engineering and 
Mechanical Engineering 
Vibrational relaxation of anhar-
monic oscillators 
MCMILLIN, LARRY MAX 
Meteorology 
A method of determining surface 
temperatures from measurements 
of spectral radiance at two 
wavelengths 
MEEKS, ELIJAH BRUCE 
Education (Educational 
Administration) 
Learning packages versus conven-
tional methods of instruction 
MEREDITH, NANCY LYNN 
Family Environment and Sociology 
An exploration of the role of 
personhood and professional 
development in the program per-
formance of extension home 
economics 
MERRILL, DERWIN CROCKETT 
Civil Engineering 
Reaction mechanism and mechanics 
in shale induced concrete popouts 
MIKES, RICHARD J. 
Economics 
An appraisal of Iowa's grain ele-
vator industry and potential 
structural adjustments 
MILLER, NICHOLAS CARL 
Chemical Engineering 
A mathematical model for human 
thermoregulation 
MILLS, PHILIP MASON 
Computer Science 
A compiler generating system for 
a table driven compiler using 
automatic language expansion 
MOEN, DONALD ALBERT 
Nuclear Engineering 
Reactor frequency response based 
on pulsed neutron techniques 
MORRIS, DON HAROLD 
Engineering Mechanics 
Photomechanics techniques for 
elasto-plastic stress analysis 
MORTON, DAVID MAURICE 
electrical Engineering 
Losses in trapped-mode resonators 
MORTVEDT, MARJORY MARTIN 
Sociology 
An exploration of the relation-
ship between alcohol ism and 
poverty in fami l ies 
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MULJANA, BERNARDUS SUGIARTA 
Aqricultural Economics 
The role of agricultural 
exports in Indonesia's 
economic development 
MULLEN, PATRICK WALTER 
Organic Chemistry 
Gas phase thermal reactions: 
I, Propargyl esters I I. 
Phenyl propargyl ethers 
I I I , Cinnamyl derivatives 
MYRON, HAROLD WILLIAM 
Physics
The electronic structure and 
Fermi surface of rhenium 
trioxide 
NELSON, STUART OWEN 
Agricultural Enqineerinq 
Frequency dependence of the 
dielectric properties of wheat 
and the rice weevi l 
OAK, GONG YOON 
Electrical Engineering 
Connection between sampled-
data digital filter and 
Kalman filter 
OLSON, RICHARD JOHN 
Nuclear Physics 
Gamma-ray dec y schemes for 
92Kr, 92Rb, 9~Sr 
OMURTAG, YILDIRIM 
Enqineerinq Valuation 
The valuation of performance 
of educational systems: 
Prescriptive models 
OSORNO, WENDELL ANTHONY 
Education (Guidance and 
Counsel ing) 
Differentiated perceptions of 
counselor functions in Iowa 
area vocational-technical 
schools and community col leges 
OTT, LEO EDWARD 
Electrical Engineering 
Kalman fi lter with complemen-
tary constraint and integrated 
navigation systems appl ications 
OYETUNJI , ASIMIYU A. 
Electrical Engineering 
Effects of system nonl ineari-
ties on system control 
OYINLOLA, EMMAN 0. 
Aqricultural Economics 
A confirmatory analysis of an 
exploratory factor analytic 
study of the fluid milk 
bottl ing firms in the North 
Central Region 
OZBIRN, WILLIE PAUL 
Chemistry 
The crystal structure determina-
tions of the Perchlorate and 
chloride of pentaaminecyanoco-
balt (1 1 1)2+, 1,2,5-triphenyl-
phosphole, and 1,2,5-triphenyl-
pyrrole, and a method for phase 
determination 
PACANSKY, JACOB, JR. 
Physical Chemistry 
Matrix isolation studies of 
smal l molecules 
PACE, FLOYD A. 
Education (Higher Education) 
The bases in pragmatism of the 
audio l ingual method of teaching 
modern languages 
PADGITT, STEVEN CHARLES 
Sociology 
Effects of communication on cog-
nitive and behavioral consis-
tency 
PAHLMAN, JOHN EDWARD 
Metal lurgy 
Thermodynamics of formation of 
compounds in the Ce-Mg, Nd-Mg, 
Gd-Mg, Dy-Mg, Er-Mg and Lu-Mg 
systems from vapor pressure 
measurements 
PALMER, JOHN PRESTON 
Economics 
The profit performance effects 
of the separation of ownership 
from control in large U.S. 
industrial corporations 
PASSERI , DAVID PAUL 
Electrical Engineering 
Parameter identification of 
minimal real izations 
PAULSON, STEVEN KING 
Sociology 
Comparison of causal theories 
constructed from alternative 
measurement models of complex 
organizations 
PAYTON, GERALD JAMES 
Inorganic Chemistry 
Neutron activation analysis for 
osmium and ruthenium in platinum 
PEMBERTON, JOHN ROBERT 
Bacteriology 
Physical , chemical and immuno-
logical characteristics of puri-
fied protein derivatives from 
Mycobacterium bovis 
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PINTER, THOMAS GERALD 
Physics 
A study of crystal l ine electric 
fields in some thul ium aluminum 
compounds 
PLADZIEWICZ, JOHN R. 
Inorganic Chemistry 
Electron transfer reactions 
of ferrocene 
POWER, HOWARD LEON, JR. 
Aerospace Engineering 
Boundary layer contribution to 
the Magnus effect on a spinning 
cyl inder at low angles of attack 
PRANTILLA, EDMUNDO BARRIOS 
Agricultural Economics 
Economic optimization models of 
multiple cropping system: 
Appl ied to the Phi l ippines 
PRASAD, KRISHNA 
Horticulture 
Resistance to Rhizoctonia so-
lani Kuhn in Phaseolus vul-
garis L. 
PRESCOTT, MARY RUTH ANN HOLVERSON 
Education (Guidance and 
Counsel ing) 
A comparison of identification 
in del inquents and nondel in-
quents and its relationship to 
the figure, the counselor 
PUMPLIN, BRUCE A. 
Electrical Engineering 
A programming system for the 
simulation of digital machines 
PYRON, HOWARD DEAN 
Computer Science 
A non-stationary two-dimen-
sional acceleration for the 
one-dimensional Projection 
method 
QUICK, GRAEME ROSS 
Agricultural Engineering and 
Mechanical Engineerinq 
Analysis of the combine header 
and design for the reduction of 
gathering loss in soybeans 
RAAB, FREDERICK HERBERT 
Electrical Engineerinq 
Carrier generation using pulse 
width modulation 
RAMSEY, MARL EDGAR 
Education (Educational 
Administration) 
Self concept among selected 
Iowa school teachers and 
administrators as measured 
by a self report 
RAY, DARYLL EUGENE 
Agricultural Economics 
An econometric simulation model 
of United States agriculture 
with commodity submodels 
RITTER, WILLIAM FREDERICK 
Agricultural Engineering and 
Sanitary Engineerinq 
Environmental factors affecting 
the movement of atrazine, pro-
pachlor, and diazinon in Ida 
silt loam 
ROJAS-GOMEZ, EYBAR J. 
Crop Production and Physiology 
Effect of some chemicals on 
sugar storage in corn (Zea mays,
L.), sorghum (Sorghum bicolor 
(L.) Moench) and sugarcane 
(Saccharum officinarum, L.) 
ROSENFELD, RONALD CARL 
Electrical Engineering 
Excitation and propagation of 
Bleustein-Gulyaev waves 
RUIZ, ALFONSO 
Veterinary Pathology 
Cl inical , morphological , histo-
chemical and cl inical pathologi-
cal studies of animu (Petiveria 
al l iacea) poisoning in cattle 
SALEHI , MERRY WEST DAVIS 
Psychology 
Modal ity encoding in memory 
SAXTON, KEITH EARNEST 
Agricultural Engineering 
Watershed evapotranspiration by 
the combination method 
SCHAEFER, MARGARET ANNE 
Inorganic Chemistry 
New syntheses of tungsten (IV) 
hal ides and their adducts with 
nitrogen and sulfur donor l i-
gands. Characterization by vi-
brational spectroscopy and study 
of magnetic properties 
SCHILTZ, RAYMOND JOHN, JR. 
Metallurgy 
Single crystal l ine elastic con-
stants of C15-type MA12 inter-
metall ic compounds 
SCHLUTER, GERALD EMIL 
Agricultural Economics 
An estimation of agricultural 
employment through an input-
output study 
SCHMIDT, CHRISTOPHER KARL 
High Energy Physics 
Angular correlation theory in 
high energy physics 
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SCHMITZ, PAUL FRANCIS 
Sociology 
Causal model analysis of local 
coordinator's building roles 
in community and complex organi-
zational systems 
SCHOENBERGER, RICHARD JOSEPH 
Sol id State Physics 
A nuclear magnetic resonance 
study of the antiferromagnetic 
transition in mixed vanadium-
chromium diborides 
SCHRODER, DARRELL CHARLES 
Electrical Engineering 
Compensation of synchronous 
machines for stabil ity 
SCHUSTER, ERVIN GEORGE 
Forestry (Forest Economics) 
Cost economics of land-use 
controls in publ ic outdoor 
recreation 
SCHWAB, CHARLOTTE ANN 
Botany (Plant Taxonomy 
Floral structure and embry-
ology of Diarrhena (Gramineae) 
SHAFFER, RICHARD DUANE 
Organic Chemistry 
Synthetic and biosynthetic 
approaches to cheryll ine and 
related compounds 
SHIVVERS, DOUGLAS WESLEY 
Bacteriology 
Regulation of pteridine 
biosynthesis 
SICKAFOOSE, JOHN PHILI_ IP 
Analytical Chemistry 
Inorganic separation and analy-
sis by high speed l iquid 
chromatography 
SINGH, BHISHAM PAL 
Plant Pathology 
Characterization in isogenic 
l ines of oat crown rust resis-
tance genes from four sources 
SKELTON, WILLIAM HENRY, JR. 
Ceramic Engineering 
Free energy changes for metal , 
metal fluoride displacement 
reactions in the sol id state 
SMITH, RICHARD JOHN 
Agricultural Engineering 
A prototype system to renovate 
and recycle swine wastes 
hydraul ically 
SMITH, WILLIAM CONRAD 
Sol id State Physics 
High-frequency nuclear magnetic 
resonance in thul ium intermetal-
l ic compounds 
SODERHOLM, LEO HAROLD 
Agricultural Engineering 
Influence of air ions on the 
carbon dioxide output of the 
European corn borer, Ostrinia 
nubilal is 
STASZAK, DAVID JOHN 
Zoology (Insect Physiology) 
Influence of temperature on in-
duction of chill-coma, electri-
cal activity of the nervous sys-
tem, and movement of the Ameri-
can cockroach, Periplaneta 
americana 
STEIB, STEVE B. 
Economics 
The Euro-dol lar market as a 
source of United States bank 
l iquidity 
STEVENS, FREDERICK LECOMPTE, JR. 
Psychology 
Cl ient satisfaction as a coun-
sel ing outcome variable 
STOCKDALE, DAHLIA ANN FREY 
Child Development 
Social interaction in middle 
chi ldhood within dyadic groups 
STONE, GWEN ELLEN GIBBS 
Child Development 
Three approaches to assessing 
the conservation of weight con-
cept 
STRONGE, WILLIAM BERNARD 
Economics 
Macroeconometric simulation of 
Irish dependence on the United 
Kingdom 
STUART, THOMAS ANDREW 
Electrical Engineering 
Sensitivity analysis of state 
estimation for power systems 
STURTZ, SUE ANN 
Psychology 
Career-homemaking orientation--
a unitary dimension? 
SWIFT, WAYNE DENNIS 
Electrical Engineering 
Numerical analysis of normal mode 
hel ical dipole antennas 
TACK, LELAND RICHARD 
Education 
Development of a student guided 
program in statistics using a 
smal l digital computer 
TAI , SIMON WEN-LON 
Sociology 
Causal and path model analysis 
of the organizational character-
istics of civi l defense system 
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TAKLE, EUGENE STANFORD 
Physics 
Radio-frequency size effect 
study of the Fermi surface 
of thal l ium 
TERNUS, GARY STEPHAN 
Animal Nutrition 
Effects of dietary amino acids 
and preformed protein on ovine 
growth 
TING, KEH-CHUH 
Animal Nutrition 
The effect of a methionine defi-
cient or balanced diet on sev-
eral metabol ic responses in 
turkey poults 
TOLSMA, ROBERT JAMES 
Education (Guidance and 
Counsel ing) 
Measurement of group re-
sponses to assess the envi-
tonmental press of secondary 
schools 
TRAUGER, DAVID LEE 
Zoology (Animal Ecology) 
Population ecology of Lesser 
Scaup (Aythya affinis) in 
subarctic taiga 
TSAI , CHERN HWA 
Nuclear Engineering 
Analysis of burnup effect on 
thermal conductivity of UO2
during irradiation 
TSCHANZ, EMILLA LEE 
Child Development 
Real ism of fears and children's 
animistic thinking 
TSCHIRKI , ROBERT DEAN 
Education (Educational 
Administration) 
Role perceptions and problems 
of the elementary school prin-
cipal in the North-Central 
region 
VACIN, GARY LEE 
Rural Sociology 
A study of interorganizational 
relations between the Coopera-
tive Extension Service and mem-
bers of its organization set 
VANDEGRIFT, GEORGE FOX 
Inorganic Chemistry 
Ligand substitution of platinum 
(I I) complexes: The cis-dibro-
modiammineplatinum (I I)-bromide-
tetrabromoplatinate (I I) system 
VANDERMOLEN, GAIL ELAINE 
Cell Biology 
Zoospore encystment in Phytoph-
thora infestans (Mont.) De Bary 
VAN DER PLOEG, RIENK RINDERT 
Water Resources 
Steady-state wel l-flow theory 
for a horizontal confined aqui-
fer with arbitrary conditions 
on the outer boundary 
VAN DOREN, JAMES ROBERT 
Computer Science 
An experimental compi ler-com-
piler system 
VEALE, JAMES RAYMOND 
Statistics 
Inference procedures for gamma 
populations when spurious obser-
vations may be present 
VENTEICHER, LEROY PAUL 
Electrical Engineering 
Diffraction of piezoelectric 
surface waves 
VERGEL, MANUEL MARTINEZ, JR. 
Agricultural Engineering 
Air velocity effect in changing 
the heat loss of individual pigs 
VIGREN, DENNIS THOMAS 
Physics 
Magnetoelastic effects in ter-
bium and dysprosium 
VINSON, WILLIAM ELLIS 
Animal Breeding 
The use of independent cull ing 
levels and selection index pro-
cedures in selecting future sires 
for artificial insemination 
VOGEL, RONALD FRANK 
Electrical Engineering 
General ized SH-mode piezoelectric 
surface waves 
VON WITTICH, BARBARA 
Education 
The impact of method of evalua-
tion upon achievement in elemen-
tary foreign language courses 
WAHAB, ABDUL HYATT 
Botany (Plant Physiology) 
Dry matter changes and carbohy-
drate metabol ism in germinating 
soybeans 
WALSH, EDWARD JOSEPH 
Plant Breeding 
Performance and within-hybrid 
variability of three-way and 
single-crosses in grain sorghum, 
Sorghum bicolor (L.) Moench 
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WALTER, KENNETH LEO 
Chemical Engineering 
Langmuir vaporization technique 
for l iquid phase vapor pressure 
and partial pressure measure-
ments. Lead and indium-lead 
systems 
WANG, MING-CHUNG 
Biochemistry 
Interconversion of benzoxazi-
nones in maize 
WARNER, JAIRUS CHARLES 
Metallurgy 
Effect of electrotransport on 
the sol idification of some tin-
bismuth and tin-lead alloys 
WEAR, RICHARD RODNEY 
Aerospace Engineering 
Numerical computation of 
transonic flow in nozzles with 
small throat radi i of curvature 
WEINMANN, ROBERTO SIMON 
Genetics 
Regulation of ribosomal RNA 
synthesis of Drosophila 
melanogaster 
WEISS, GERALD MARK 
Meat Science 
Cortisol and epinephrine rela-
tionships associated with stress 
adaptation in swine 
WHITE, MICHAEL WILLIAM 
Mathematics 
A class of projection methods 
for solving systems of n non-
l inear equations in n unknowns 
allowing projections or order 
one through n 
WILLIAMS, DANIEL CHARLES 
Cel l Biology 
Golgi-associated calcification 
in the coccol ithophorid phyto-
flagellate Hymenononas carterae 
WILLIAMS, WENDELL CLARENCE 
Education (Guidance and 
Counsel ing) 
Student-teacher perception and 
elementary school classroom 
verbal interaction 
WINGER, MILTON EUGENE 
Statistics 
Aspects of functional iteration 
WU, PAUL CHU-SHENG 
Metal lurgy 
Reaction of Fe-Ni-Cr alloys with 
oxygen-containing sodium 
WYATT, WINDOL LEE 
Agricultural Education 
Publ ic supported instruction in 
animal science in Iowa 
YOST, FREDERICK GORDON 
Metal lurgy 
The growth of dendritic mor-
phologies 
YOUNG, DAVID BRUCE 
Electrical Engineering 
Multi-parameter polynomial ap-
proximations for network syn-
thesis 
YU, MING-HUNG 
Plant Breeding and Cytogenetics 
Genetic recombination and spa-
tial chromosome relations in 
maize 
ZAMECNIK, FRED JOHN, JR. 
Computer Science 
On context resolvable grammars 
ZIMMERLI , DANA WYANE 
Computer Science and 
Electrical Engineering 
Symbiotic computer system meas-
urement and evaluation 
ZIMMERMAN, RICHARD ELMER 
Electrical Engineering 
The organization and structure 
of communication processors 

